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I. Introduction 

During recent years considerable attention has been paid to the study^ of 
the genital organs of insects, specially the external genitalia of the adult 
male, as the structure of these organs affords characters, important from 
a taxonomic view point. But the development of the genital organs, 
particular^ of the internal genitalia, has not been pursued with the same 
enthusiasm, the only recent works being those of Singh-Pruthi (1924, 1925), 
George (1929), Nel (1929), Metcalfe (1932), Mehta (1934), Else (1934) and 
Oadri (1940). In the order Rhymchota, the development of the genital 
organs has been investigated by Christophers and Cragg (1922), Kershaw 
and Muir (1922), in addition to Singh-Pruthi, George and Metcalfe referred 
to above. The following account based on the study^ of Dialetirodes ettgenicB 
Maskell (Aleurodiclae) is an attempt to supplement their observations. 
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II. Male genital organs or D. mgenicB and other white-flies 

Before describing the development of the male genital organs, a brief 
description of these organs in D. eugemcd and a general account in the 
whole famity Aleurodidse seems desirable. The general descrij)tion is 
based on 1113^ detailed stud}^ of several species of the famity (Rakshpal, 
1940). The terminology used in this paper is adapted from that emplo3^ed 
hy Sharp and Muir (1912) and Singh-Pruthi (1925). 

In D. etigenice, a pair of testes 
(Fig. I, t.) lies in the fifth abdominal 
segment, dorsal to the accessoiy 
glands [ci.g), one on either side of the 
alimentar3^ canal. Each testis is more 
or less egg-shaped in outline, dark 
brown in colour, and consists of a 
number of lobules, more or less 
spherical in shape. In each lobule 
are developed a large number of 
spermatozoa. The lobules tying 
towards the outer margin are filled 
with rounded spermmother cells, 
those in the middle with much small- 
er cells — ^the immature spermatozoa 
or spennatids, while the lobules on 
the inner margin of the testis contain 
mature or nearty mature sperma- 
tozoa. From the posterior end of 
each testis arises the vas deferens 
(t/. d.) which is stout and dark 3'ellow 
in colour. It leaves the testis near 
the anterior margin of the sixth 
abdominal segment, and runs post- 
eriorty up to the middle of the eighth 
abdominal segment. The anterior 
portion of the vas deferens is more 
01 less constricted and thick- 
walled, while the posterior j^o^^tion 
is very much dilated and thin- 
walled, thus forming a vesicula 
semiiialis {v. s.). Each vesicula .seminalis meets the paired ejaculatory 
duct [ej. d.) of its own side in the eighth abdominal segment. The 
paired ejacnlatoiy ducts are ver}^ slender and run posteriorly to open 
into the common ejaculator}^ duct [d, ej.) about the middle of the 



Fig. 1. Male genital organs of the adult. 
ae., aedeagus; a.g.^ accessor}’’ gland ; 
basal plate ; d.ej., common ejaculatory duct; 
ej.d., paired ejaculatory ducts ; pr., para- 
meres ; 1., testis; v.cL, vas deferens; v.s., 
vesicula seminalis ; 4-9, abdominal segments. 



Fig. 2. Transverse section through the posterior abdominal segment of the earlier pupa, r.ae.pr., 
rudiments of the aedeagus and parameres; r.d.f'j., rudiments of ejaculatory duct. Fig. 3. Transverse 
section through the posterior abdominal segment of the early pupa. Fig. 4. Transverse section 
through the posterior abdominal segment of the early pupa, aed., aedeagus-lobes; paramere- 

lobes. Fig. 5. Diagrammatic, male genital organs of the third larval instar. Fig. 6. Diagrammatic, 
male genital organs of the early pupa. Fig. 7. Transverse section through the ninth abdominal 
segment of the early pupa. Fig. 8. Diagrammatic, male genital organs of the late pupa. 
Fig. 9. Transverse section through the ninth abdominal segment of the early pupa. (Unless other- 
wise stated, lettering as in Fig. 1. The scale line in the figures represents 0.05 mm.) 
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ninth segment. At the point of the junction of each vesicula seininalis 
and the paired ejaculator}^ duct, open the ducts of the accessor}^ gland. 
The latter are stout, more or less club-shaped organs, which are dark brown 
in colour and occnj^y a ventro-lateral position, one on either side of the 
alimentary canal, extending from the fifth to the middle of the eighth 
abdominal segment. They are thin-walled and contain some fluid. 

The external genitalia consist of a median aedeagus (ae.) and a pair 
of parameres {pr.), while the subgenital jDlates found in several other 
families of Honioptera are absent. 

The male genital organs of other species of the f amity Aleurodidas 
show some variations, as compared with those of D. ettgenicB described 
above. In D. dissimilis Quaint, and Baker, the testes lie ventro-lateralty 
in the sixth abdominal segment. In Triale'urodes bicolor Lamba, the vasa 
deferentia are ver}^ slender and are not dilated to form vesiculse seminales. 
For details of the external genitalia a reference may be made to the writer's 
f)aper quoted above. 


III. DEVEUOPMBNT of the mate GENITAE ORGANS OF Z). Ctlgenice. 

(a) External genitalia : — In the larva, nine distinct sternites and tergites 
are visible, the future tenth and the eleventh segments not being marked 
clearly at this stage. The anus lies beneath the vasiform orifice and is 
protected by the lingula. In the first three larval instars, there is no indication 
of the genital aiDpendages, and therefore, it is more or less impossible to 
differentiate externally between the male and the female. When the third 
instar larva becomes fully developed and is about to pupate, a male can be 
distinguished from a female b}^ its smaller size, but even at this stage no 
trace of the genital appendages is present. 

Just after pupation, there is a marked development of the appendages 
of the head and thorax, side by side with the development of the external 
genitalia. The common ejaculatoiy duct (Fig. 2, r. d. ej,) develops as a 
longitudinal slit running along the mid-ventral line of the ninth sternum, 
bordered b}?- a pair of outgrowths {r.ae.pr.). These outgrowths are the 
rudiments of the external genitalia. The ectodermal cells bordering the 
slit are bigger than those elsewhere. 

At a slightty later stage, each rudiment of the external genitalia ■ 
(;^ ae. pr.) tends to become doubled by the appearance of a horizontal 
longitudinal cleft, which begins from the posterior border and runs forwards 
for a short distance, so that the anterior part of each rudiment remains 
undivided. Thus two pairs of appendages {Eig. ae.L,pr.L) are formed. 
Of these two pairs of genital appendages, the dorsal pair forms the rudiments 
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of the eedeagus {ae. L), while the ventral pair is the rudiment of the parameres 
{pr. L). At a still, later stage of development, the rudiments of the sedeagus 
become fused to form a median tubular organ, bearing the gonopore at 
its apex. Even at this stage, the eedeagus and the parameres (Fig. 4) are 
continuous anteriorly. The separation of the aedeagus from the parameres 
takes place just before hatching of the pupa. 

When the pupa becomes fully developed, all the eleven segments of 
the abdomen are clearty visible. The tenth and eleventh segments lack 
a sternum and are formed beneath the vasiform orifice. At this stage the 
greater part of the proximal j^ortion of the genital appendages is enclosed 
^ within the ninth segment, which may, therefore, be called the genital segment 
in its true sense (as is found in the case of the adult Heteroptera) . 

(b) Internal genitalia: — In the larva the only portion of the internal 
genital organs developed are the testes, which lie between the sixth and the 
Seventh abdominal segments lateral^ on either side of the alimentar}^ 
canal. Each testis is surrounded b}^ a thin sheath of connective tissue, 
and composed of a number of follicles which are filled with rounded cells 
f with densely granular C3doplasm and well-marked nuclei. In the last 
larval instar, the posterior portion of each testis becomes a little constricted 
(Fig. 5, V. d.), the constriction being perhaps the origin of the vas deferens. 
Thus it ma3^ be ^ concluded that in the last larval . instar the vas deferens 
extends up to the seventh abdominal segment. The constricted portion 
of the testis consists of a single la3^er of endothelial cells surrounded b3^ a thin 
connective tissue membrane, exacts similar to that of the testis. 

After pupation, the testis becomes elongated and fill the sixth, seventh 
? and eighth abdominal segments (Fig. 6). The peripheral foUicles (Fig. 7, /.) 
contain large cells with comjDaratively small nuclei like those found in the 
testis of the larval instars, but the central follicles contain small cells which 
have comparative^ large nuclei and stain more deepW with h8ematox3din 
than do the nuclei of the peripheral follicles. The follicles on the inner 
surface of the testis contain bundles of spermatozoa and it is from this surface 
that the vas deferens (Figs. 6 and 8, v,d.) originates. The vasa deferentia 
are more or less transversely placed in the ninth abdominal segment. 
Flistologically, the vasa deferentia consist of a single la3^er of more or less 
rectangular cells with large nuclei and a thin membranous covering of 
connective tissue. The testes and the vasa deferentia retain these features 
throughout pupal life, but just before hatching remarkable changes take 
]3lace. The testes migrate forward from their original position and now come 
to lie in the fifth and sixth abdominal segments ; as a result of this shifting 
forwards of the testes, the vasa deferentia are dragged forward and their 
posterior ends come to lie in the eighth abdominal segment, instead of in 
the ninth. The. testes (Fig. 8, /.) become more or less rounded and more 
compact ; the portions of the vasa deferentia lying in the seventh and 
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eighth abdoniinal seginents become ver}^' much dilated aud come to have a 
wide lumen, thus forming the two vesiculae seminales (v, s.), Posteiiorl}^, 
the vesiculcC seminales join the paired ejaculatory ducts. There is no histo- 
logical difference between the vesiculae seminales and the vasa defeientia. 

The common ejaculatoiy duct (Fig. 2, r. d. ej.) arises as an invagination 
of the ectoderm {vide infra) from the enlarged cells of the rudiments of the 
primaiy genital appendages (f. ae. pr.). It is an elongated structure extend- 
ing up to the posterior margin of the ninth segment (Fig. 8 , d. ej.). About 
the middle of the ninth segment, a pair of ejaculatory ducts (Fip. 8 and 9, 
ej. d.) originates from the common ejaculatory duct, one on either side ; 
these are more or less transversely placed. At a slightly later stage, from 
the distal end of each paired ejaculator}^ duct originates an accessor3^ 
gland, which is also therefore ectodermal in origin. Histologically, the 
common ejaculator}^ duct is formed of a single layer of columnar endothelial 
cells with an internal lining of chitin ; the cells have distinct nuclei which 
stain deepty with h8ematox3din ; these cells are exactty similar to those of 
the genital appendages. In the j)roximal part of the ejaculatory duct, 
the endothelial wall is surrounded by a very thick muscular layer, which 
becomes very thin in the distal part. At the time of origin, the paired 
ejaculator}^ ducts are also formed of an endothelial layer of cells exactly 
like that of the common ejaculatory duct, but later on they develop a very 
thin covering of muscles and also a very thin chitinous lining. In the earlier 
stages, the structure of the accessory glands and their ducts is exactly 
similar to that of the paired ejaculatory ducts; the glands do not possess 
any muscular covering nor emy chitinous lining, but later, the cells of the 
accessory glands become large and are surrounded by a thin covering of 
muscles, but no chitinous lining is developed in them at any stage. The 
structure of the ducts of the accessory glands remains as at the time 
of origin, exce^Dt that they develop a very thin chitinous lining in them and 
are surrounded by a very thin covering of muscles. 

In the early pupal stages, the vasa deferentia are not connected with the 
paired ejaculatory^ ducts. As growth proceeds, the common ejaculatory^ duct 
extends a little anteriorly^ and the paired ejaculatory^ ducts also extend 
up to the middle of the eighth segment. The fusion of the vasa deferentia 
with the ejaculatory ducts takes place at the point where the accessory 
glands originate. Later, the accessory^ glands become very much elongated, 
and extend up to the fourth abdominal segment ; their posterior ends 
remain constricted to form their ducts. 

IV. Discussion 
A. External genitalia 

The mode of development of genital appendages in Aleurodid^e is 
essentially almost similar to that found in other insects. These appendages 
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develop from a pair of ambulator}^ legs of the ninth segment. Palmen 
(1884) found that the eedeagtis is paired in the adult Ephemeroptera, which 
is a very primitive group of insects, and therefore it is regarded that the 
asdeagus is a paired structure originally, which has become single by a 
fusion of paired elements secondarily in higher insects. Eater on Verson 
and Bisson (1896) actually demonstrated the origin 'of the aideagus in 
Eepidoptera by the fusion of a pair of appendages present at the earlier 
stage. Recently Singh-Pruthi (1924), George (1929), Metcalfe (1932), 
Mehta (1934), Oadri (1940) and others have conclusive^ shown in different 
orders of , insects, that the sedeagus originates b^^ the fusion of a pair of 
appendages present in earlier stages. Almost all workers now agree on 
this point. 

As regards the origin of the parameies, I have already shown that in 
D. eiigenicB, they originate by the division of a pair of lobes. This is in 
confoimit}^ with the conclusions of other workers also, though some of them 
support this observation only indirectly. Singh-Pruthi (1925) describes 
the origin of parameres, b^^ the division of a pair of lobes — the 'paramere- 
lobes’ — as termed by him. George (1929) sa^^s, “I regard the parameres 
not as distinct entities, but as processes of aedeagus, and as such the eedeagus 
is the representative of the endoiDodites of the appendages of the ninth 
segment,'' In fact the conclusions of Singh-Pruthi and George do not 
differ at all; only the former terms the original lobes, Ee., the lobes from which 
the aedeagus and parameres are developed, as 'jDaramere-lobes', while the 
latter names the same structures as ‘j)enis-lobes'. Thus both the structures 
are really identical in spite of having been named differentl}^ by them. 
Metcalfe (1932) and myself have also reached the same conclusion. In 
order to avoid a difference in nomenclature, I suggest that the original 
lobes ma3^ be called 'primar3^-lobes', each of vhich divide into two, the inner 
lobes of the two fusing to form the sedeagus, while the outer remaining 
distinct to form a pair of jDarameres. 

That the genital api^endages are modified ambulatory legs of the larva 
is accejMed by all the recent workers. This view is also supported b3^ 1113^ 
present study, and by the muscular attachment of these organs in the f amity 
Aleurodidse (Rakshpal, 1940) . But opinions differ regarding their homolog3^ 
Most of the older workers regarded the sedeagus as having been formed 
b3^ the fusion of two original endopodites. Escherich (1894) and Walker 
(1922) compared the parameres to the endo23odites, but did not sa3^ an3^ 
thing about the homolog3^ of the eedeagus. Kershaw' and Muir (1922), 
however, having located the gonopore on the eighth segment, derived the 
subgenital plates from the appendages of the latter segment, and honiologised 
the subgenital jolates with the telojDodites of the same segment. From their 
account we ma3^ conclude that they were under the imiDression that the 
];)arameres and the ^edeagus represent the coxites and telopodites of the ninth 
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segment, because no mention was made tlieni about the absence of the 
coxites of this segment. Singh-Pruthi believes that the sedeagus and the 
parameres together represent the telopodites, while the subgenital plates 
represent the coxites of the ninth segment. George, not regarding the 
parameres as of an^’^ morphological importance, but only as outgrowths 
of the eedeagus, considers the subgenital plates as the coxites of the ninth 
segment. Thus George confirmed the view of Singh-Pruthi. Metcalfe 
(1932) is also in agreement with this view. I am also of the opinion that 
wherever the ^edeagus and the jDarameres are present, the}^ are homologous 
with the telopodites of the ninth segment, and that the subgenital plates 
represent the coxites of the ninth segment, and therefore, wherever as in 
the famity Aleurodidas, the subgenital plates are absent, the coxites are 
not developed. In 1113^ opinion, the absence of the subgenital plates is a 
secondaiy reduction. Thus we nia3^ conclude that the eedeagus, parameres 
and the subgenital plates are modified ambulator3^ legs of the ninth 


abdominal segment. 


B. Efferent ducts 


I have shoum above that the vasa deferentia, being developed from 
the testes, are mesodermal in origin, and in the veiy earty stages extend 
up to the seventh abdominal segment. The common ejaculatory duct, 
the paired ejaculatoiy ducts, and the accessor3^ glands are ectodermal in 
origin. The gonopore, as in the males of the most insects, is situated 
posterior^ to the ninth segment. These observations are in conforniit3^ 
with those of most previous workers. 

Weismaiin (1864) showed that all the genital ducts except the vasa 
deferentia are ectodermal in origin. Nussbaum (1882) found .that in 
Blattid^ and Pediculidse, the common ejaculatory duct, the accessory glands 
and the penis develop from the ectoderm, but no mention has been made 
b3^ him about the paired ejaculator3^ ducts. Thus I agree with most of 
Nussbaum's observations. Amongst recent workers, my observations are 
in conformit3' with those of Singh-Pruthi (1925) and Metcalfe (1932), but 
George (1929) takes an entirel3^ different view. He believes that except 
for the median posterior portion of the common ejaculator3?' duct, all other 
structures are mesodermal in origin. He is in agreement with some of the 
earlier workers, e.g., Wheeler (1893), Verson and Bisson (1896), etc. Further, 
George maintains that a pair of ectodermal ejaculator3" ducts do not exist 
at all and criticises the view of Singh-Pruthi in these words, '"the vasa 
deferentia ending at the subgenital plate on the ninth segment, and the 
paired ejaculatoi3^ ducts extending forward almost up to the anterior limits 
of the eighth segment, and to meet each other a twisting is needed ; such 
a thing is not described by Singh-Pruthi''. I believe George is mistaken 
because what he regards as the ampuUte of vasa deferentia are, in fact, 
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those of ejaculatory ducts, because the vasa deferentia do not extend up to 
the posterior margin of the ninth segment until the pupal stage is reached, 
while he describes these ampullae even in the earlier nymphal instars. 
In D. engenice also, the vasa deferentia extend up to the middle of the 
ninth segment, while the paired ejaculator}^ ducts originate from the common 
ejaculatory duct about the middle of the ninth segment, and extend up to 
the anterior limits of the ninth segment, and it is only at a little later stage 
that the fusion of the two takes place. Before their fusion the vasa deferentia 
are dragged forward so as to end about the middle of the eighth segment, 
while the ejaculatory ducts grow a little anterior^ and thus meet the vasa 
deferentia and make the fusion comxDlete. vSingh-Pruchi does not mention 
such a phenomenon in Miocenes, but obviously from the position of the 
various components described by Singh-Pruthi, it is clear that such a pheno- 
menon also takes place in Miocems. Thus in my view, George's criticism 
of vSingh-Pruthi’s view falls to the ground.' 

The common ejaculatory duct is more primitive than the paired 
ejaculatory ducts, firstty, because the origin of these ducts takes place 
when the common ejaculatory duct has already extended about the middle 
of the ninth segment. Secondly, the posterior portion of the common 
duct is not formed b}^ the fusion of the paired ejaculatory ducts, as was 
believed b}^ some older workers, e,g., . Nussbaum, but the paired ducts 
themselves originate from the common ejaculatory duct. 

I have shown that the vasa deferentia extend up to the seventh abdo- 
minal segment in the ver}^ early stages ; later the}^ grow further and extend 
up to the middle of the ninth segment, but before fusion with the j^aired 
ejaculatoiy ducts they are dragged forwnrds and then fuse with them in 
the eighth abdominal segment. All these changes take place within a ver^^ 
short time. With regard to these points there has been a long controvers3^ : 
Packard (1868), Korschelt and Heider (1899) hold that the vasa deferentia 
do not extend be3mnd the seventh abdominal segment ; Wheeler (1893) 
and George (1929) believe that the}^ reach even beyond the ninth segment; 
while Korschelt and Heider (1899), Muir (1918), Singh-Pruthi (1925) and 
Metcalfe (1932) hold that there is a progressive shortening of the embryonic 
ducts and that later on the}^ become connected with the paired ejaculator}^ 
ducts which are ectodermal in origin. My obsenmtions show that in ver^^ 
earty stages, i.e., in the third larval instar, the vasa deferentia extend up to 
the .seventh abdominal segment, thus confirming Packard’s, Korschelt’s 
and Pleider’s views ; later on the}?- extend up to the middle of the ninth 
segment, as postulated by Wheeler and George.’ As regards the third view, 
the fact is that the posterior end of each vas deferens does really travel 
forward ; whether due to the progressive shortening of the vasa defereirtia 
or due to the vasa deferentia having been dragged anteriorly by the forward 
migration of the testes, it is not jrossible to decide at this stage, but it is 
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very probable that it is due to the latter reason. I mQ.y add that these 
different views have been put forward because all the stages were not 
studied. 

The accessoiy glands originate from the anterior ends of the ejaculatory 
ducts ; thus they are also ectodermal in origin. vSingh-Pruthi concludes 
that both the accessory glands and the paired ejaculatory ducts originate 
from the same elements, i.e., paired hypodermal ducts. The paired h3T^o- 
dermal ducts, b}’ -a constriction in the horizontal plane along the whole 
length, become two pairs, a dorsal and a ventral, the dorsal forming the 
accessory glands and the ventral forming the paired ejaculatoiy ducts. 

All the structures of the elferent S3'^stem, except the commom ejacula- 
tory duct, are paired in origin. This fact is in conformity with the obser- 
vations of vSingh-Pruthi and George. Metcalfe, however, believes that the 
efferent S3"stem, other than the testes and the vasa deferentia proper, is 
unpaired in origin, and that the common ejaculator}* duct immediatety 
divides to form two lateral ducts (paired ejaculator}^ ducts). I believe 
that the early origin of the paired ejaculatory ducts has influenced her in 
suggesting that they actually originate by the extension and division of 
the common ejaculatory duct; in fact both these ducts originate as paired 
outgrowths from the median ejaculatory duct. Thus the paired 
ejaculator}' ducts are paired in origin and so are the accessory glands. The 
common ejaculatory duct arises from the ectodermal layer posteriorly to 
the ninth sternite, as shown by almost all previous workers, 

As regards the situation of the gonopoie of the male, almost all workers 
agree that it lies posteriorly to the ninth segment, except Kershaw and Muir, 
who locate the gonopore posteriorly to the eighth segment. But they are 
mistaken, because the formation of the gonopore takes place by the fusion 
of the endopodites of the ninth segment, as I have already shown. 
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VI. vSuMMARY 

The genital appendages present in D, eiigenicB are the aedeagus and a 
pair of parameres. They develop from a pair of lobes representing the endo- 
podites of the ambulatory legs of the ninth segment. The coxites of this 
segment are not developed, as a result of which the subgenital plates are 
absent. This primary pair of lobes subsequently divides into two pairs, 
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the inner pair fuse to form the sedeagus, while the outer remain free and 
form parameres. Thus the parameres are not simply outgrowths of the 
aedeagus as George believed, but develop really as separate morphological 
entities. 

The vasa deferentia are mesodermal in origin. In the larva they 
extend up to the seventh abdominal segment. In the earlier stages of the 
pupa they extend up to the ninth segment, but are later dragged forward 
and extend only up to the eighth segment. The vesiculse seminales are 
formed b}^ the dilatations of the posterior portions of the vasa deferentia. 

The paired ejaculatory ducts originate from the anterior end of the 
common ejaculatory duct. The accessory glands develop from the ends of 
the paired ejaculatory ducts. The commom ejaculatory^ duct is formed 
hy an invagination of the ectodermal cells of the primary^ pair of the genital 
appendages. The gonopore is situated behind the ninth segment. 
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STUDIES ON INDIAN COPEOGNATHA (PSOCOPTERA) 

I. INTRODUCTION, GENERAL MORPHOLOGY AND CLA.SSIFICATION* 

By Ramdas Menon, 

Assistant to the Imperial Entomologist , Neiv Delhi. 

(Ecccivcd for puhlkaUon on 5th March, 1941) 

I. Introduction 

The Copeognatlia or Psocoptera, poiiularly knomr as psocids, book- 
lice, wood-lice, etc., are small, delicate insects. On accomit of their insig- 
nificant size and being practically of little economic importance this group 
of insects has received sc'ant}^ attention from entomologists. 

The order was given the name Copeognatha [kopeus : chisel, gnathos: 
jaw) b3'' Enderlein (1903a), because the members of this order invariabh^ 
piossess a pair of chisel-shaped appendages associated with their mouth-parts. 
Earlier entomologists had designated this group Psocoptera {psocus : porpoise, 
pterov: wing), because, most of these insects hold their wings roof-wise 
over the abdomen while at rest, and, in that posture they resemble minia- 
ture porpoises. Some have assigned the name Psocida to this group (Imms, 
1930) and placed it as a suborder of Psocoptera with' the Zoraptera as 
another suborder. The name Psocoptera, however, is not quite appropriate 
for the order, since in some genera the wings, at rest, are held one over the 
other, parallel to the donsal body-surface, as is the case in Embioptera and 
Isoptera; further, some genera are wholly apterous. Hence the alternative 
name Copeognatha, seems preferable. The name psocids, derived from the 
genus, Psocus, on which the -order is based, is often used for this group in 
this paper. 

Literature on the systematics ■ of the Copeogn.atha is very much 
scattered. The few papers published before 1900 are mostly br' Hagen, 
MacLachlan and Kolbe. From the beginning of the present centurrq 
however, the psocid fauna has received better attention and a good number 
of species have been recorded by different investigators from various parts 
of the world. The largest amount of work is due to Enderlein, whose valu- 
able contributions amount to seventy-two papers, describing species from 
almost all parts 'of the world. Among the publications of this author, 
special mention may be made of “The Monograph of the Indo- Australian 
Copeognatha” (1903), “Monograph on the scaty-wdnged Copeognatha” 
(1906) and “The fossil Copeognatha and their phylogeny” (1911). Among 

■ *Tlie work embodied in these contributions was conducted in the Biolog^^ Laboratory of 
-the Wilson College, Bombay. . . 
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othei workers, Banks, Navas, Pearmaii, Badonnel, Ball, Chapman, Okamoto, 
Tillyard, Ribaga, Renter and Hickman deserve special mention. 

The psocid fauna' of India is 3^et only very little investigated; so far, 
only thirty-three species have been recorded from this countr3^ These ' 
were described b^^ various investigators, like, MacLachlan (1872 and 1873), 

Kolbe (1883), Enderlein (1903), Needham (1909), Banks (1914), and Navas 
(1934). On the suggestion of Dr. C. J. George, Wilson College, Bomba^^ 
a stud}" of this order was undertaken b}^ the writer and through his limited 
search, he was able, during the past seven 3^ears, to discover forty-five 
additional species, which are recorded in this contribution. A preliminaiy 
report on two new species has alread}^ been published (Menon, 1938a). 

II. Material and Methods 

The material for the present studies was collected b}^ the writer during 
the 3^ears 1934-38 mostty from Bombay and its environs and a few 
localities in Cochin State (South India) during the time of his fellowship 
in Wilson College, Bombay. The}^ were mostty procured from heaps of 
dry fallen leaves. Some were collected at light. Three species were obtained ^ 
in large numbers from stored rice, pulses, etc., during the monsoon months — 

June to October. One species was found breeding inside crevices on the 
walls, while another was fomid commonl}^ under web on the lower surface 
of green mango leaves. 

Proper specific indentifications were possible onl}^ after a thorough 
investigation of their morphological details, especiall}" of the mouth-parts 
and genitalia. These could be studied well only after dissection. Balsam , 
preparations were not quite satisfactory and the following method, kindty 
suggested b}^ Pearman, had largely to be em23lo3^ed. ' The head, antennae, 
wings, thorax and abdomen were first separated from one another 
mider a binocular-microscope. The antennae and wings were transferred 
directty to the clearing medium, “chloral-phenoh', which is a mixture of 
equal parts of chloral h3xlrate and i^henol cr3^stals melted together without 
the addition of water. In about five minutes the various parts get cleared ; 
in this medium. From this the}^ were removed to a mixture of equal 
volumes of chloral-phenol and the mounting medium ‘‘gum-chlorab'. 

After keeping them in this mixture for a few minutes, they were transferr- 
ed to pure gum-chloral, composed of : 

Distilled water , . : 2.0 parts by volume 

Gum arabic . . : i.o 
Chloral hydrate . . : 2.0 ,, 

Glycerine . . : 0.25 ,, 

For the sake of proper orientation a thin layer of the mounting medium 
was first spread on a clean slide and the dissected parts arranged in the 
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desired position. The slide at this stage was kept aside for some time, 
well protected from dust. When, it was found partiall}^ set, a fresh la3^er 
of the mounting medium was spread over it and the cover-glass placed 
in position. The head, thorax and abdomen \vere first treated with cold 
strong solution of caustic potash for about half an hour. These parts \vere 
then rinsed in alcohol and kept in distilled water for some time. Then the}' 
were treated as for antennae and wdngs. The head and abdomen were 
further dissected in the mounting medium so as to expose the mouth- 
parts and genitalia. 

III. General morphology 

The Copeognatha, though a group of generalised insects, show’ in their 
general morphology certain features seldom met with in other insects. The 
most peculiar of these is the pair of chisel-shaped appendages alread}^ re- 
ferred to, called the maxillary ‘picks’. Among other characteristic features 
mention ma}^ be made of (i) the tumid clypeus which forms a conspicuous 
part of the head capsule, (ii) the peculiar alinotal divisions, with tw^o pairs 
of crests, the cristce scntelli, (iii) the characteristic venation, to w^hich 
the Ps^dlidae (Homoptera) alone show^ the nearest approach, and (iv) the 
unique tarsal combs or ctenidia. 

The head (Figs, i and 2) is typicalty hypognathous and the various 
cranial areas can readily be distinguished. The epicranium [ep] is compara- 
tivety large and a Y-shaped suture, composed of a median {ms) and tw’o 
lateral sutures (/s), separates it from the frons and divides it into tw^o lateral 
halves. The arms of this suture may be partl}^ or wholh^ indistinguishable. 
The ctypeus \cl) is large and occupies a good portion of the head capsule 
as noted above. Below^ this is a short transverse piece, the antecl3^peus, 
[and] wdth w^hich the labrum {Ibv) articulates. . The sides of the head are 
formed b3’ the genae [g). The e3^es {e) are usualty w^ell developed, wdth several 
facets and situated towards the postero-lateral angles of the head. Rarety, 
as in Liposcellis, the3^ are reduced and composed of onl3^ few^ ommatidia. 
The cornea, sometimes, bears hairs betw^een the facets. It is notew^orth3^ 
that in Peritroctes these hairs form short combs. Usualty, there are three 
ocelli [oc] situated in the form of a triangle. A correlation betw^een 
the presence of ocelli and wings is often met with, the apterous and 
the brach3q)terous forms being usuall3^ devoid of these organs. Rarety, 
as in Tineomorpha, Cymatopsocus and Nephax, onl3^ tw’^o ocelli are present 
and these are situated just in front of the compound e3’es. The antennse 
are fairl3^ long and conspicuous, comj:)Osed of from thirteen to over fort3' 
segments. Of these, the two basal segments, the scape {scp) and the 
pedicel {ped) are general^ stouter than the remaining segments, w^hich 
form the flagellum {fl). The flagellar segments are usualty hair3^ and those 
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of the males are usiialty more pubescent. Sometimes the flagellar segments 
are secondarih’ anniilated. 

The mouth parts are of the orthopteroid type. The labrum [Ibr) 
is a more or less subrectangiilar piece articulating with the antectypeus 
{and). The mandibles (Fig. 5) are hard and well chitinised, with an 
anterior cutting edge (c) and a posterior molar area [ma). The}^ present 
a distinct asymmetry, the teeth of the one fitting into the clefts of the 
other and also the molar area of the right mandible being posteriori}^ beaked. 
The shape of the mandibles appears to be characteristic for the various, 
families. The maxillae are of special interest because associated with these 
are found the maxillary-picks (Fig. 7) referred to above. The 'picks', regard- 
ed by some authorities as homologous with the laciniae of the generalised 
insect, are long and well chitinised structures. They vary in shape in the 
different groups and thus afi^ord valuable taxonomic characters. The 
galeae are lightly chitinised, flattened, sub-cylindrical and somewhat twisted 
structures enveloping the maxillaiy-picks. The 'picks' are capable of 
being extruded and retracted through a groove in the galeae by sets of 
muscles attached to their bases. The maxillar}- palpi (Fig. 6) are four- 
jointed, with the first and third segments short, and the second and fourth 
segments long. The segments are usually hairy*; besides, they may bear 
spurs {sp) also, the number and arrangement of which are valuable in diag- 
nosing various species. The labium (Fig. 4) is little specialised ; but its 
palpi {Ihp) are reduced, with usually one, or at the most two segments. 

The thorax (Fig. 2) is characteristically specialised. The pronotum 
is generally small, poorly developed and not visible from the dorsal aspect, 
being telescoped in between the vertex of the head and the anterior lobe 
of the meson otum. The alinota are usually well developed and structural- 
ly quite unique. Each sclerite is divisible into four main regions, an 
anterior, antedorsum {ad^ and ad^}, followed posteriori}- by the dorsum 
[d^ and d^j, postdorsum [pd^ oxiApdp and scutellum {sc^ and sc.2) respectively. 
The dorsum bears a median suture so that it is divisible into two lateral 
areas. The scutellum. is somewhat wedged into the postdorsum so that 
this is also separable into two lateral halves. The scutellum, further, bears 
two pairs of narrow crests laterally (crs^ and crs^ called the 'crisfc^e scutelli' 
already referred to. It is noteworthy that the anal margijis of the wings 
lie closely approximated to the anterior pair of these crests, when not in 
use. The alinota are, however, rarely undivided as in Liposcellis, 
Psacadinm, etc. The thoracic sterna are usually much reduced; but in 
the Liposcellidae they are well developed, and their shape and chaetotaxy 
are very valuable for determining the species. 

The Copeognatha are primarily winged insects, though some species 
have lost these , organs. The wings, when present, are usually 
membranous, pigmented or unpigmented, and with or without hairs or 
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Fig. 6 Lepolejns sp. Maxillaiy palp. Fig. 7 Liposcellis sp. Maxillary ‘pick’. Fig. 8 Ccecilius 
sp. Hind leg. Fig. 9 Ocecilius sp. A ctenidium. Fig. 10 Hemipsocus sp. A claw. 

la, anal vein ; abd, abdomen ; ad,, ad^^, antedorsum ; and, antectypeiis ; ap, areola postica ; 
c, cutting edges of mandibles ; cZ, ctypeus ; ds, claws ; cr5,, c?*52, cristre scutelli ; cw,, cuz, ca ,a, 
cu^h, branches of cubitus ; cx, cx^, cx^, cx^, coxsc ; d,, d2, dorsum; c, eye ; em, empodium ; 
ep, epicranium ; /, femur ; fl, flagellum ; /r, frons ; fs, frontal sutures ; g, gena ; lb, labium ; 
Ibp, labial palp ; Ibr, labrum ; lig, ligula ; m, m2, ni^, branches of media ; ma, molar areas of 
mandibles ; inrid, mandible ; 7ns, median suture ; 7 ns 7 i, mesonotum ; nitn, metanotum ; mxpl, 
maxillary palp ; oc, ocelli ; pagl, paraglossa ; pd,, pd^, postdorsum ; ped, pedicel ; pii, pronotum; 
ptpt, paraproct ; pt, pterostigma ; pZ,, pre-apical tooth of claw; r,, r2-|-3, branches of 

radius; 6 ', basal hair of claw ; 5a, stridulatory area ; sc, subcosta; sept, scape; sj, sense field; 
5 p, spurs ; 5Z5C, stigmasac ; Zi, Z2J tibia ; tel, telson ; tr, trochanter; ts, trochantcral 

setae. 
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j I scales. Tlie venation., nature and extent of pigmentation and cliaetotaxy 

‘ ' are very valuable in distinguishing the various species. The hindwiugs 

I are invariably smaller and have reduced venation. In some genera, e.g., 

■ : Atropos, Lepinotus, Echinopsocus, etc., the wings are reduced to mere flaps, 

Psyllipsocus, Ai'chipsocus, Psoqutlla, Psoccitfopos, etc., present varjdng 
i grades of whig development within the same species. Efiibtdopsocus, 

Pscicadiuin and PcTiti'ocles exhibit an alarj^ dimorphism wherehi some forms 
! bear fully developed wings while others of the same species are totally 

' apterous. Sphaeropsocus is peculiar in that it has only the anterior pair 

I of wings and these are well-chitinised, resembling the elytra of beetles and 

I have a peculiar venation. 

: The normal venation of the forewings (Fig. 3a) may be briefly des- 

I cribed as follows. The costa is ivanting as a distinct vein. The subcosta 

; jg broken up into two segments, a basal and a distal one, of which the 

'■ i ' basal one soon fades into the wing membrane. The distal one emerges 

! from the first branch of the radius {)\) and forms the basal boimdary of the 

. j ' pterostigma {pt). About the level from where the distal part of sc arises, 

j a stump of a vein projects from the inner surface of the wings , this is termed 

! ' the 'stigma-sac’ (sfst). The first branch of the radius (fj) is long and wav>^ 

I and forms the basal and distal boundaries of the pterostigma. The radial 

; sector (rs) takes its origin from the radius at about the middle of the wing 

! and is forked to form the veins r.2+3, aird r^+g. The inedia and 

I the radius take their origin together, but close to the wiirg-base the former 

i separates, descends and fuses with the first branch of the cubitus [cu^). 

i This fusion continues up to the level of the origin of rs where these veins 

I diverge sharply from one another. The media then fuses with rs for a short 

I . distance and then it becomes free again and terminates in three branches, 

i m^, in.„ and m.^. The first branch of the cubitus {cup, just before reaching 

■ ■ the wing margin, forks into two branches; the basal branch {cu^P is short, 

I but the d.istal one {cu^J is fairly long and forms a well-marked cubital loop, 

which encloses the area called the 'areola postica’ (ap). The clavus or anal 
area is separated from the rest of the wing by the second branch 
of the cubital vein {cu.p which leaves the mam stem of the cubitus so close 
to the wing-base that it was considered for a very long time as the first 
• anal vein, until Tiltyard (1923) showed its exact nature. There is usually 

only a single anal vein (id), which is arched and runs nearer to the wing- 
' margin and terminates together with the tip of cri^ forming a uodulus. 

■ / Pyf ' The forewing venation of other psocids presents some variations 

/ - from that given above. These may be briefly described. In some genera 

I '{^■S-> Scoliopsyllopsis) sc is present as a distinct vein throughout its course, 

i In Neurostigma a series of veinlets staid from and reach up to the costal 

’ ' ' margm. In some genera {e.g., Stenopsocus) is connected with rs b^^ a 

■F’..' cross-vem ; hi some, {e.g. Amphipsoctis) , this cross- vein is incomplete and 
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does not reach rs. Rarety rs is divided into more than two branches [e,g. 
Harpezoneura), The veins, rs and m , may be fused over a stretch, or these 
A^eius may meet at a point {e.g. Ectopsoms). In the famity Thrysophorida^ 
r^_|_- is also connected or fused with m. The media is usually three-branched, 
but rarety it is only forked once {e.g. Mepleres) and in some cases there are 
more than two branches for this vein {e.g. Neurosiigma). vSometimes in 
is fused with the vertex of the areola postica {e.g. Psoc^is) or connected with 
it by a cross vein {e.g. Stenopsoms). Rarety {e.g. Ectopsoms) the areola 
postica is wanting, cn^ being unbranched. Usually and za end 
together in a nodulus, but in the Atropetse and the Nanopsocetae these 
A^eins have separate endings on the Aving-margin. Generally only a single 
anal A^ein is present, but, in some scaty psocids {e.g. Stimulopalpus) tAvo 
anal A^eins are present.. As has been pointed out, Sphaeropsoctis has a peculiar 
venation. In Calopsocns, Neitrosema and Diciyopsocus the A^enation is 
partly reticulate. In Emhidopsocns and Semnopsocus only two longitudi- 
nalty-running, in distinction-demarcated A^eins are present. 

In the hindwing, the Anenation (Fig. 3b) is considerably reduced. The 
subcosta (5c) is a mere remnant and there is neither a pterostigma nor a 
‘stigma-sac\ Though the radial sector is forked as in forewing, the media [m) 
and the first branch of the cubitus {cu^) are both simple. The radius, media 
and the first branch of the cubitus arise together ; these veins are basalty 
fused for a short distance, and distalty, about the middle of the Aving, the 
radial sector and media are again fused OAner a short stretch. The cubital 
loop and the 'areola postica’ are wanting. The anal Anein (la) is short and 
ends far behind the second branch of the cubitus, (cw^). 

The hind wing A^enation does not present so much variations as does 
that of the forewing. Yet, the following are Avorthy of note. In Tapinella, 
is entirely suppressed. In Archipsoous , rs and its branches are AA^’anting. 
In some genera {e.g. Empheriella, Tineontorpha, etc.) the media is forked. 
The A^eins rs and m may be fused OA^er a stretch, or the^^ may meet at a point, 
or these veins maA^ be connected by a cross-vein {e.g. Ectopsocus). In some 
genera (^.g. Tapinella, Thylacopsis, Empheriella, etc.) r, m and cu^ are fused 
together to form a stem-vein, from Avhich their distal parts start off. 

The legs (Fig. 8) show little specialisation. The coxse {cx) are nprmall}" 
broad and ajDpressed towards the sterna. They are, howeA^er, longer and 
narroAver in Liposcellis and- allied genera, in Avhich the sterna are well deA^elop- 
ed. A peculiar meso-coxal interlocking arrangement (Menon, 1938), Avherein 
the left meso-coxa bears a cond^de-like protuberance, AAdiich fits exactl}- 
in a cup-shaped concaAut}^ on the right meso-coxa is present in Uda^nolepis, 
Psocatropos, etc. The hind-coxae usually bear stridulator}^ organs (sa), 
consisting of denticulated areas, on their inner surfaces. The trochanters 
{t 7 ') are fairty long and their distal margins are completely anchylosed AAuth 
the basal margins of the femora. On the outer side of each trochanter 
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is a pair of setee (^5) situated in a depression, designated 'trochauteral setae’ 
in this paper. The femora (/) are tisualty long and subcylindrical, though 
in Liposcellis, they are broader and flattened, the hind femora more so. 
The tibiae {tb) are little specialised. The tarsi y may be two- or three- 
jointed. The first tarsal segment of the hind-leg usually bears a row of 
appendages called Ttenidia’. Each ctenidium (Fig. 9) is more or less a 
scale formed by the fusion of a row of hairs, of which one about the middle 
is developed into a seta. The last tarsal segment bears a pair of claws {els). 
Each claw (Fig. 10) may bear a basal hair (s) and an expansible empodmm 
{em), which is practical^ invisible in balsam preparations. On the inner 
surface, the claws may bear additional teeth 

The abdomen (Fig. i, abd) is usualty somewhat fusiform and composed 
of ten segments. In Liposcellis and allied genera it is somewhat compress- 
ed dorsoventrally, with partial or even complete fusion of the ninth 
and tenth segments. The last segment bears a median triangular flap 
{tel), the telson or epiproct and a pair of subtriangular sclerites {ppt) on either 
side of the telson, called the paraprocts. The paraprocts each bear a dorso- 
lateral 'sense-field’ {sf), on which are borne a varying number of peculiar 
sensory hairs called 'trichobothria’. This sense-field appears to be homo- 
logous with the cerci of the generalised insect. In some genera the tip of 
each paraproct bears an inwardly-directed spine termed the 'appendix 
alialis’. In some genera the paraprocts may be modified and -bear 
accessory chitiiiised processes or hooks {e.g. Heinipsoms), while in others 
the last abdominal segment and telson also may bear such appendages. 

The genitalia have recentty been found to be ver}^ valuable in the 
taxonomic study of psocids. The female genitalia usualty consists of three 
pairs of valves, one borne by the eighth segment, and two, an outer and an 
inner pair, borne by the ninth segment. Varying grades in the reduction 
of these valves are met with in the various families. T3^picall3^ the valves 
of the eighth 'segment are long, narrow and slightly chitinised. The inner 
valves of the ninth segment resemble those of the eighth, but are relative^ 
broader. The outer valves of the ninth segment are broad, heavity chiti- 
nised and usuaU^^ bear a number of bristles. The female genitalia are 
usually concealed from view by the subgenital plate, which is the posteriorty- 
produced seventh stemite. The variation in shape, patterns of markings 
and chaetotax^j^ exhibited b^^ the subgenital plate are of considerable* 
taxonomic value. In some genera the subgenital plate is posterior^ pro- 
duced into a short xDrolongation, which forms the 'egg-guide’. 

The male genitalia consists of a median sedeagus and the associated 
chitinised parts, which together form the 'hypandrium’ and a pair of 
parameres, which may be fused together to form a more or less collar-like 
'phallic sclerite’. 
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The nature and arrangement of hairs on various parts of the bod^^ 
(chaetotaxy) are of taxonomic value. The hairy outgrowths are primaril}^ 
of two kinds. Short, fine, cuticular processes, . the microtrichia, and long 
processes, set in distinct basal alveoli, the macr atrichia. In this paper the 
term ‘hair' refers only to the latter. The hairs ma}^ be long and curved, 
when they are said to be ‘shaggy'. When they are long and more or less 
straight, they are called ‘bristles'. When the bristles are stout, they are 
termed ‘sete' or ‘spurs'. In some genera, set^e with minute lateral proces- 
ses_.along their length have been noted. Scale-like hairs have been noted 
in Psocatropos. Hairs with truncate tips are met with in Liposcellis. 
Glandular hairs have been noted in the nymphs of certain genera. vScales 
of different shapes are borne by the Amphientomidse and Lepidopsocidse. 

IV. Classification 

Various schemes for classifying the Copeognatha have been proposed 
by different taxonomists at various times, based on different morphological 
characters. The schemes differ so much one from another that none of 
them has been widely accepted. Kolbe (1880) was the first to propose 
a classification of psocids. He considered the psocids as a single family, the 
Psocidae, under the order Neuroptera. He divided this famil}^ into several 
tribes, basing his divisions entirely ' on the nature of the wing-venation. 
Enderlein's studies made him believe that the number of tarsal segments 
was of primary importance, and he (1911) accordingly grouped the psocids 
under two suborders, Isotecnomera (psocids with two-jbinted tarsi) and 
Heterotecnomera (psocids with three-jointed tarsi). For the separation of the 
various families, he took into consideration the nature of the antenna, maxil- 
lary palpi, prothorax and venation. He thus proposed an elaborate scheme 
of taxonomy and even traced the probable affinities of genera. Tillyard's 
studies led him to conclude that the correct dichotom}^ of the order could 
not be based on the number of tarsal segments, but must be based on the 
nature of the cubital forks of the forewings. He (1926), therefore, regrouped 
Enderlein's various families (represented in Australia and New Zealand onl}^) 
mider two different suborders Parapsocida and Eupsocida. In the former 
ctC2 and la have separate endings on the wing margin and the branches 
of run straight, there being no cubital loop, whereas in the latter CU2 
and la end together in a nodulus and the first branch of C'Uj^ forms 
a distinct loop. He also revealed two more suborders (fossil) from the 
Permian strata, the Permopsocida and the Embiopsocida (Tiltyard, 1928). 
Banks also did not attach much importance to tarsal structure. In the 
scheme proposed by him (Banks, 1929), he took into consideration primarity 
the nature of the areola postica and pterostigma, and, as additional charac- 
ters, the presence of scales and the nature of the prothorax. He regarded 
psocids only as a superfamily, Psocoidea, of the order Corrodentia. As 

“Indian J. Ent., 3 (1)” 


“ ' --■“f nrrrrCTr jULi.Lj!- ' .i lutt 


22 


Ramdas Menon 


such, he did not group his families into major divisions. Karny (1930), 
ill his elaborate scheme of classification, based mainl}^ on the nature of the 
venation, accepted Tillyard's subordinate ranks, but placed the two hundred 
and thirt3^-four then-kiioTOi genera under eleven families, different from 
either those of Enderlein or Banks. He further separated thirt}^ sub- 
families and twenty-three tribes. Pearman (1936) proposed an entirety 
different scheme, taking into consideration the external anatom}^ of the 
various genera as a whole. According to him, the skeletal organs occur 
in a comparativety limited number of distinctive forms (types) and that 
these type-forms are segregated in certain definitive correlations. These 
insects thus, classify themselves, the general traits of the correlated parts 
characterising the major groups and particular modifications of the structural 
type-forms distinguishing minor groups. He thus separated eight major 
groups and assigned to each of them a status somewhat superior to that 
of a superfamity. Further, he suggested, as a provisional measure, to 
place such genera as AUopsocus, PsUopsocus, etc., whose structural details 
are at present not known, under an additional group, ' Psodda agnota.' 
He separated different families also under these groups. In the preliminar}^ 
sketch published by him no attempt was, however, made to give the diag- 
nostic characters of the various groups or families ; instead, well-known 
genera were designated to fyqoify each of these morphological segregations. 

The classification followed in this contribution is based upon Pearman's 
scheme. A ke}^ for identifying the various major groups based on this 
scheme is given below. Detailed diagnostic descriptions of the groups 
and other subdivisions will be given along with those of different species. 


Key to the major groups 


1 . ^axillary flicks’ subcylindricai, apicalty produced into 

distinct tines; labial palpi distinctly two-jointed; 
antennte with more than 13 segments . . . . 2. 

^axillary ‘picks’ subcylindricai, without distinct apical 
tines or somewhat shovel-shaped ; labial palpi 
unjointed or when two-jointed, the two segments 
together forming a composite circular plate ; 
antennie with 13 segments . . . . . . 4. 

2. End-segment of the maxillary jJalpi elongate-oval or 

subglobular ; wings well developed or totally 
wanting ; wings when present held parallel to the 
dorsal body-surface while at rest ; antenn® 

15- jointed . . . . . . . . Naiiopsocetce. 

End-segment of the maxillary palpi hatchet-shaped ; 
wings well developed or reduced, but never totalh^ 
apterous ; wings held roof- wise over the abdomen 
while at rest ; antennae with more than 15 
segments .. .. .. .. ..3. 
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3. Female genitalia comx^osed of only two pairs of valves; 

cu^ and la of fore-wings ending together in a 
nodulus . . . . . . , . . . Psocatropetoe. 

Female genitalia composed of only a single pair of 
valves ; cuz and la of fore-wings having separate 
endings on the wing-margin . . . . . . Atropetm. 

4. Scaly forms ; labial palpi two-jointed, the tAVO joints 

together forming a composite circular plate . . Ampliimlomeim. 
Scale-less forms ; labial palpi iinjointed . . . . 5. 

5. Mandibles much longer than broad ; labial palpi Avith 

truncate anterior margin . . . . . . 6. 

Mandibles as broad as long or broader ; labial palpi 
Avith rounded anterior margin . . . . 7. 

6. Rs and m of fore-Avings Avideh^ apart, connected b}^ a 

distinct cross-vein; claAvs AAuth a pre-apical tooth ; 
outer vahms of the ninth sternite of female bear- 
ing a number of bristles . . . . . . Epipsoceta;. 

Rs and m of fore-AAongs lying nearer together and fused 
over a stretch ; claAAAS Avithout pre-apical tooth ; 
outer valves of the ninth sternite of the female 
AAdthout any bristles or at the most bearing only 
• tAA"o . . . . . . . . . . Gceciliatce. 

7. Maxillary ‘picks’ more or less shovel-shaped; areola 

postica free or connected Avith in by a moderately 

long cross-A^ein . . . . . . . . Homilopsocida. 

Maxillary ‘picks’ siibcylindrical, apically stouter and 

more or less truncate, Avith flattened teeth ; areola 
postica fused Avith m or connected Avith it by a 
A^ery short cross-A^ein . . . . . . Pscocetce. 
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STUDIES ON INDIAN PARASITIC HYMENOPTERA— 1=‘= 

By M. S. Mani, Assistant to Imperial Entomologist, New Delhi. 

( Beceived for 2 >ublicatio}i on Mth March, 1941 ) 

This is an account of 1113^ recent studies on some of the parasitic 
Hymeiioptera, received b3^ the Imperial Entomologist, New Delhi, for iden- 
tification from different parts of India. The type specimens of the ten new 
species described here are deposited in the Iin|)erial Pusa Collection, Dabora- 
tor}^ of the Imperial Entomologist, Imperial Agricultural Research Institute, 
New Delhi. 

Superfamily CYNIPOIDEA 
Eamily FIGITIDM 
Subfamily eucoiuinae 
Hypolethria ramachandrai, sp. nov. 

Female. — About 2.0 mm. long. Shiny dark reddish-brown. Bod}^ 
strong^ compressed. Head black, sparsely hair}^- ; viewed in front almost 
round ; cheek about half the length of orbit ; 03^0 pubescent ; occiput more 
densely hairy than the rest of head. Scajie, pedicel and funicle honey- 
brown ; club dark brovm ; the whole antenna moderately clothed with 
white hairs ; third antennal segment one and a half times the second, fourth 
to sixth segments shorter, subequal to each other, seventh segment stouter 
and somewhat longer, eighth segment stouter and longer than seventh, 
the rest forming the club ; club segments ovate, longer than the funicular 
segments. Pro- and mesonota reddish-brown, shin3g not sculptured, with 
a few scattered hairs. Scutellum darker, more densety hair3q the central 
elevation oval with its surface smooth and shin3g rest of scutellum reti- 
culateE^ sculptured. Pleura hone3-brown. Pegs browm or hone3^-3^ellow, 
tei'ininal tarsal segments black. Abdomen dark reddish-brovm above and 
lighter below, ringlet of hairs at base ver3^ prominent. Veins brown. 

Male. — Ver3^ similar to female, except in the usual secondary sexual 
characters. Fourth antennal segment is the longest. 

Holotype one. female, allot3qDe one male and parat3qDe one female, 
mounted on one slide, received from T. V. Ramakrishna A3^3mr, Coimbatore 
and labelled: ‘'Parasitic in ptqDae of a small black &y breeding in cholam 
dead-heart, Coimbatore, Y. Ramachandra Rao collection, 26-iii-igi5.'' 
I have also before me a few specimens of this s^Decies, received from the 
Second Entomologist (Dipterist), I.A.R.I., New Dellii, labelled : “C3aiipid 

* For other similar papers by the same author see liec. Indian Mus., for 1934-38 and Indian 
J. Ent., 1939. 
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liyperparasite of a small black Diptera breeding in decaying tunnels of 
Sesamia uniformis in sugarcane, Sagauli (Bihar), lo-iv-iggg; P.C.S. No. 2gg, 
from stem-borer tunnels in sugarcane, Lakshmanan collection, go-v-iggg.'" 

Superfamily SERPHOIDEA 
Family SCELIONIDM 
Subfamily teuenominae 

Telenomus saccharicola, sp. nov. 

Female . — iVbout i.o mm. long. Black. Head viewed from above slightly 
wider than thorax, thin fronto-occipitalty, eyes pubescent, ocellocular 
space slightty greater than the diameter of the ocellus ; head viewed in 
front a little less than twice as broad as long, face longitudinally striated, 
stride converging to the mouth ; cheek equal to the length of eye, smooth, 
shin3^ and with a strong carina from eye to mouth. Scape at base and 
apex dark reddish-brown, club black, about 7/8 the length of scape ; first 
funicular segment about two-thirds the length of pedicel, second about 
three-fourths the first, third segment somewhat shorter than second, fourth 
about half the length of the first ; second and third club segments subequal, 
terminal club segment one and one-fourth the penultimate club segm.ent. 

Thorax very closety and minutely punctate, coxae and femora, 
except knees, black. Knees, tibiae and tarsi reddish-brown. Second 
tergite of abdomen nearty as long as broad, covered practical^ for its entire 
length with ver}^ fine diverging, longitudinal striae. 

Holot3q3e one female and parat3qDe one female on a strip of celluloid 
on pin, with one antenna of the paratype mounted on a slide. Received 
from the vSecond Entomologist (Dipterist), I.A.R.I., New Delhi, labelled : 
'‘C. S. No. 177, parasitic in the eggs of a pentatomid bug (?) on sugarcane 
leaf, New Delhi, M. Ahmad collection, io-viii-ig37.’' 

This species is easily distinguished from Telenomus anwari Mani^ 
hy its wider head, striated face, the relatively longer striations on the second 
abdominal tergite and different proportions of the antennal segments. 

Family CALLICERATIDM 
Subfamily megaspieinae 

Lygocerus rufipes (Thomson) 

1858. Cerapliron rufipes, Thomson, (jfv. Kongl. Vet.-Akad. Forhand., 15 : 293. 

1898! Lygocerus rufipes, Dalla Torre, Cat. Hymen., 5 : 534. 

1914. Lygocerus riifipes, Kieffer, Das Tierreich, 42 : 153. 

I refer to this species (Fig. i) four female specimens received from the 
Second Entomologist (DiiDterist), I.A.R.I., New Delhi, labelled ; "P. C. S, 


‘Maki, 1939, Indian J. Enl., 1 (1-2) ; 94. 



ail 




Parasitic Hymenoptera from. India 


27 


No. 247, from cocoons of a chr3^soj)id on sugarcane, Julluncler, Iswar D^^al 
collection, 29-111-1939.” ■ ■ 

The species was originally described from Sweden and is being recorded 
here for the first time from India. 

The specimens before me have the antennal scape coloured dark 
brown at base and black otherwise. The specimens are also somewhat 
larger, viz., 2.0 mm., but otherwise agree with Kieffer's descriptiou of the 
species. 



Fig. 1. Lygocerus rufipes (Thomson), female. 


Superfamily CHATCIDOIDEA 
Family EURYTOMIDM 

Bephratoides saccharicola, sp. nov. 

Female. — 4.5 long. Black. Head black, covered with long, silver}^- 
white pubescence ; viewed from above broader than thorax, its length to 
width in the ratio of 5 ; 6 ; viewed in front length to width in the ratio of 
13 : 15 ; interocellar sj)ace one and a half times the ocellocular ; front ocellus 
distinctly above and outside of the scrobes ; vertex, distinctty impressed 
laterad of the posterior ocelli and densely covered b^^ flat-umbilicate, seti- 
gerous pmictures ; face ver}^ distinctl}^ carinate round the e^^es, not concave, 
with a prominent median carina running to the mouth from the insertion 
of the antennse and two sublateral carinae converging forwards from the 
anterolateral borders of the scrobes ; face below antennae with converging 
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stride; malar space sparsety punctate, shorter than eyes; scrobes deep, 
shiny and smooth. 

Antennae : scape, pedicel and ling-joint brown, flagellum dark 
broum ; flrst funicular segment longest and little over three-fourths the 
scape, second to the fifth segments subequal, sixth three-fourths the fifth, 
club solid and equal to fifth funicular segment. 

Thorax wholty black, moderate^ densety clothed with silver}^- white 
pubescence and flat-umbilicate, setigerous punctures. ProjDodeum concave 
mesad. Veins pale brown ; marginal and postmarginal veins subequal, 
the former not unusualty thick, its thickness never exceeding one-sixth 
the length ; stignial vein a little over half the postmarginal vein. All 
coxee black, femora reddish-brown, fore and mid-tibiae and tarsi brown, 
hind tibiee dark brown in the basal half and light brown in the apical half 
with two apical spurs, hind tarsi light brovm. Abdomen usual. 

Holotype one female, paratypes three females on pin, received from 
the Second Entomologist (Dipterist), I.A.R.I., New Delhi, labelled: ‘'C. S. 
No. 241, parasite in cocoons in tunnels of Scirpophaga nivella in sugarcane, 
Pusa (Bihar), Ejaz Plasan collection, 20-viii-i938.'' 

Family ENCYRTIDM 
Subfamily encyrtinab 
Litomastix daccaensis, sp. nov. 

Female. — 0.8 - 0.9 mm. long. Black with dark green or dark coppery 
reflections on inesoscutum and scutelluin. Plead brownish-black, fiiiety 
shagreened ; viewed from above as wide as its median length, somewhat 
wider than thorax, occipital margin sharp ; interocellar space about thrice 
the ocellocular ; viewed in front as in figure 2 a ; pubescence brown. 

Antennae (Fig. 2 b) very dark brown, shorter than bod}^ with dense 
gra}^ pubescence ; scape equal to funicle, pedicel about half the length the 
scape, all segments of funicle subequal to each other ; club solid, nearly 
equal to five funicular segments combined, broadly and obliquel}^ truncated 
at ajDex. 

Thorax shagreened, with dark metallic sheen on inesoscutum and 
coppery sheen on scutelluin. Wings hyaline ; marginal vein of fore wings 
subequal to stigmal, postmarginal somewhat shorter than marginal ; / 
marginal ciliation as in figure 2 c. 

Legs : fore femora dark brovm ; middle and hind femora brovaiish- 
black ; tibise brovm, with dense white pubescence ; tarsi brown, hind 
metatarsus somewhat shorter than the following two segments combined. 

Abdomen about equal to thorax. 
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Holotype one female dissected on a slide, paratypes numerous female 
sx3ecimens in spirit, received from the Jute Specialist, Tejgaon, Dacca, 
labelled ; ''No. 6, parasite of jute semilooper, Cosmophila sahdifera, Dacca 
farm, Gopi Mohan Das collection, 28-vii-ig40.” 



Fig. 2. a-c Litomastix daccaensis^ sp. nov. a. head in front, b. antenna female and c. 
d. Eretmoceras delhiensis, sp. nov. female, antenna 


This s^Decies runs in cou]3let number 8 in Mercet's ke}^ (Mercet, Fa%m, 
Iberica : 444, 1921) to the s]3ecies of Liiomastix, but differs all the known 
species contained therein in the length of the marginal vein being equal 
to that of the stigmal vein and in the yellowish-brown colour of the middle 
metatarsus. 


Ixodiphagus mysorensis, sp. nov. 

Female, — i.o mm. Black. Head black, seen from above twice as 
wide as long, somewhat wider , than thorax, occq^ital margin distinct, 
shagreened ; interocellar sjDace about four times ocellocular sjoace, also 
ocellocular sxDace is somewhat equal to ocellar diameter ; pubescence brovm ; 
eye x^ubescence dense and x^ale brown. Mandibles truncate as in. the genus 
Ooencyrtiis, excexDt for one minute tooth ; face inflexed. 

Antennae (Fig. 3 a) dark brown, inserted in the middle of face ; scax3e 
brown basally, dark brown apically, terminal club segment lighter than 

“Indian J. Ent., 3 (1)” 



M. S. Mani 


30 

rest of antennas ; pedicel a little shorter than scape ; scape compressed ; 
other characters as in figure. 



Fig. 3. IxocU'pliagus mysorensis, sp, nov, a. antenna female, b. antenna male, c. wing, d. vein 
highly magnified. 


Thorax black, shagreened ; pubescence brown ; axillae separated 
by a faint median carina. Wings (Fig. 3 c, d,) faintty browned behind 
stibinarginal vein, marginal vein punctiform, postmarginal vein shorter 
than stigmal and twice the length of the marginal vein. Tegs, except 
for the light brown tarsi, tibise and apical halves of femora, very dark 
brown. Abdomen dark brown. 

Male. — Very similar to female but pedicel is half the length of scape, 
rest of antennae as in figure 3 b. 

I-Iolotype one female, alloty^pe one male, on two slides ; paraty^^pes 
several females and males in spirit. Received from the Government 
Entomologist, Mysore, labelled : ‘‘Host : the cattle tick, Ornithodoros 
sp. (Argantidse), Mysore, July 1940, M. P.'' 

Family MISCOGASTERIDM 
Dinarmus sauteri Masi 

1926. Dinarmus sauteri y Masi, Konoiuia, 5 : 360. 

1939. Dinarmus coimbatorensisy Ferriere, Bull. ent. Bes.y 30 : 163 (new synonym). 

1939. Dinarmus sauteriy Masi in Ahmad, Indian J. agric. Sci., 9 : 624, 

This species was originally described by Masi from female specimens 
only collected by Sauter in Formosa in 1912. Masi redescribed the species 
recentty and Ahmad published a description of a male ; the latter bred 
the species as a larval parasite of Lixus tnmcatuhis (Fab.) boring the stem 
of AmaranUis spp. at Pusa. 
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A comparison of the specimens named by Ferriere as Z). coimhatorensis 
with D. sauteri has convinced me that the two are identical and hence the 
S3mon3an3^ given above/ The material from which Ferriere described 
his form was bred from the same host in South India. 

Family EULOPHIDM 
Subfamily euachbrtinae^ 

Tribe Euplectrini 
Euplectrus plecopterae, sp. nov. 

Male. — Head black, when viewed mider high power very finely sha- 
green ed but otherwise gloss}^ and smooth ; a longitudinal, straight row’ of 
fine setcC adjacent to the orbital inner margin on face (Fig. 4 b) ; vertex 
margined behind ; below the insertion of antennae head brown. E3^es dark 
violet, extremely finety and very sparsety pubescent. Ocelli dark reddish- 
brown. Head length to head wddth in the ratio of 9 : 6.5 view^ed in front and 
9 : 3.5 viewed from above. Scrobes highly polished and shiny. Interocellar 
s^Dace greater than ocellocular space, also ocellar diameter about three- 
fourths the ocellocular space. Bristles as shown in the figures. (4 a, b). 

Pronotal transverse carina faint, behind which the j)ronotum is smooth 
and shin3^ Mesoscutum reticulately sculptured wdthout an3^ median 
longitudinal groove, line or carina. Parapsidal furrows complete and deep. 
Sca^Dulae shagreened. AxiUae finely shagreened, their inner angles ver3^ 
closely approaching but not contiguous with each other. Scutellum ex- 
tremety finety shagreened when examined under medium power, except 
in the posterior area, wdiere it is almost entirety smooth and i)olished. 
Mentanotum highly polished. Propodeum highty polished, wdth the usual 
complete and w^ell develoj)ed median longitudinal carina ; spiracles close 
to the anterior -end of the lateral sulcus. 

Antennae (Fig. 4d) inserted just on an imaginary line drawai from low^er 
orbital borders ; s^Dace between orbital margin and the scapal base is equal 
to that betw^een the points of insertion of the scapes themselves ; scape 
cylindrical, pale 3^ellow^ equal in length to the first tw^o and a half of the 
funicular segments combined ; rest of antenna yellowdsh ; pedicel equal 
to the first funicular segment in length, wdth tw^o spines subapicalty ; ring- 
joint fused to the base of the first funicular segment; all the funicular segments 
subequal ; club biarticulate, equal to about one and three-fourths of the 
preceding segments combined, terminal club segment over three-fourths 
the basal in length, wdth a short C3dindrical nipple-like process apicalty; 
sensoria of club and last funicular segment continuous and fused. 


1 Vide also footnote in Prutiii and Mani, I.C.A.U., Misc. Bull., 30 : 9, 1940. 
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Abdomen pale browm but transversety banded dark brown before 
apex as shown in figure 4 a. 



Fig. 4. Ewplectrus pUcopterm, sp. nov. a. male, b. head male in front, c. vein highly magnified, 
d. antenna highly magnified, e. front view of head of E. bicolor (From Masi). 


All legs including their coxae pale 3^ellow ; the longer spur of hind 
tibi^ almost equal to the first two tarsal segments combined in length. 
Wing as in figure 4 a, c. 

Holot^'pe one male dissected on a slide, paratypes one male on a slide, 
two males on card strips ; several other paratype males on card strips in 
the collection of the Forest Entomologist, Forest Research Institute, Dehra 
Dun. Received from the Forest Entomologist, Dehra Dun, labelled : 
“p)arasitic on larva of Plecoptera reflexa, Allahabad, P. N. Chatterji collection, 
28-iv-i938’\ In a letter to the Imperial Entomologist, the Forest Ento- 
mologist writes that the distribution of this species is as follows : Allahabad, 
Dehra Dun, and Fahore to Miranpur and Daphar in the Punjab. 

This species resembles Eiiplecirus bicolor (Swed.-Haliday)^ (Fig. 4 e) 
but differs from the same in the absence of a short median longitudinal 
Carina or line on mesoscutum, and in the transversely banded abdomen. 
From E. mplexice Rohw.“ it is easily distinguished by the scape being a 
little shorter than the first three funicular segments combined. 

iSwEDERUS, 1795, Svmsh. Vet.-ATcad, HanclL, 16: 204. 

Haliday, 1843, Trans, cut. Soc. Londoiiy 3 (4) : 297. 

Masi, 1908, Boll. Lab. ent. Agr.y 3 : 122. 

^IloHWEii, 1921, Ann. Mag. Nat. Hist., 7 : 135. 
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Euplectrus gopimohani, sp. nov. 


Female . — lieacl mostly black, below insertion of antennae 3^ellowish- 
browii, somewhat wider than thorax, cheek subeqnal to the orbital height, 
with a few scattered pimctnres ; vertex smooth. Lateral ocellar space 
subequal to ocellocular space. 

Antennae inserted below an imaginary line drawn from the lower 
orbital borders ; scape, pedicel and ring-joint hone3^-yellow, rest dark brown, 
setae white ; pedicel equal in length to the first ftmicular segment, rest of 
antenna as in figure 5 a, b. 

Thorax black ; mesoscutum coarsely reticulate medio-posteriorty, 
finely and lineately shagreen ed latero-anteriorty, without a median line 
or furrow ; scutum finely shagreened ; scutellum finely reticulo-lineate 
in front and polished behind ; pretegular seta black ; others white. Venation 
white. 








Fig. 0 . Euplectrus gopimohani, sp. nov. a. antenna female, b. ring-joint, c. vdng, d. vein highly 
magnified. 


All legs including coxae hone3^-bronm, oiiL^ the hind coxae of a deeper 
tone, terminal tarsal segments slightL^ darker ; longer spur of hind tibiae 
not quite reaching the apex of the second tarsal segment. Abdomen 
hone3^-brown ventrally and pale 3^ellow dorsalty with bro^wi lateral patches 
and a faint transverse band before ajpex ; abdominal petiole about half 
the length of hind coxae. Propodeuin with the usual carina. Wing as in 
figure 5 c, d. . 

Male . — Head black, below insertion of antennae reddish. Thorax 
black. Mesoscutum coarsety reticulo-lineate, which reticulations look 
like prominent longitudinal carinae at extreme apex. Scutellum as in 
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female. Antemias dark brown, except the reddish-brown scape, pedicel 
and ring- joint. Legs reddish-brown, hind coxae deepty so. Abdomen 
black at lateral margins, darkened apically and for the rest dark brown. 
Otherwise as in female. 

Holot3'pe one female, allot3^pe one male, paratypes one female and one 
male all in spirit. Received from the Jute vSpecialist, Tejgaon, Dacca, 
labelled : “No. 7, parasite of indigo caterpillar, Laphygma exigtta, Bashbari, 
Dacca, bred b3’ Goj)i Mohan Das, April, 1940.“ One male parat34^e has 
yellowish head. 

This species approaches E. nyctemercB Crawf.^ and E. plecoptercB 
ver3' closel3^ but differs in the sculpture of scutellum, absence of basal abdo- 
minal spot and in antennal colouration. “ 

Subfamily Aphbuininae 
Tribe Aphelinini 
Encarsia isaaci, sp. nov. 

Female. — About 0.9 nim. long. E3^es haiiy. Head mostly yellowish- 
brown. Antennse mostty 3^ellow, with scape and pedicel above and the ter- 
minal club segment iufuscated brown ; scape equal to the first two funicular 
segments combined, pedicel and • first ftmiculai segineart subequal, second 
funicular segment slightty longer, third and fourth segments equal 

to the second, first club segment neaity equal to the last funicular segment, 
flattened, second segment somewhat shorter, flattened, brownish, both the 
club segments longer than wide. Mandibles weakly tridentate. 

Pronotum black. Mesonotum anterior^ in the middle dark brown, 
yellow otherwise. Axillae dark brown, but somewhat lighter posteriorly 
than anteriorl3^ Scutellum bright 3^ellow. Metanotum brown. Propo- 
deum dark brown at the sides. All the legs yellow, the last tarsal segments 
slightly browned, hind tarsal segments short and with stiff bristles. Fore 
wings slightly iufuscated between the marginal vein and anal margin. 
Distal part of marginal vein (the portion be3mnd the abrupt break) lelativeL? 
long ; postmarginal vein obsolete ; all the veins brown. Abdomen black 
with a 3^ello wish-brown oblique patch laterally from the spiracles, terminal 
portion 3^ellow. ^ 

Holot3q3e one female dissected on a slide. Received from the Second 
Entomologist (Dipterist), I.A.R.I., New Delhi, labelled : “C. S. No. 227, 
bred from the n3anphs of Aleurolohus barodensis, Cuttack, (Orissa), Manzur 
Ahmad collection, 17-^-1937.“ 


1 Crawford, 1912, Proc. U. S. nal. Mus., 42 : 9. 

-P. gopimohani differs from E. bicolor (Swed.-Haliday), also a parasite Laphygma exiguat 
mainly in the absence mesoscutal line. 
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This species very closety resembles Encarsia flaviclava Howard/ 
but differs in the 3^ellow scape, dark second club segment, different 
proportions of funicular segments, shorter ovipositor and absence of a dark 
patch at lateral anal angles of abdomen. 

Encarsia muliyali, sp. nov. 

Female. — About 0.7 mm. long. Eyes very finety hair}^ Head 
yellowish-brown, mandibles indistinctly tridentate. Antenna 3^ellow, 
relatively more slender than in the foregoing species, scape longer than the 
combined lengths of the first two funicular segments, pedicel about one- 
third the length of scape, first funicular segment about one and a half times 
the length of pedicel, second funicular segment shorter, third and fourth 
subequal and each also distinctly longer than the second, club not flattened, 
its segments equal to the last funicular segment in length. Rest of body 
yellow, except the 3^ellowish-brown pronotum. Hind tarsal segments 
relatively long, with slender bristles. Distal part of submarginal vein 
relatively short. 

Holotype one female on a slide, parat3^pes several females in siDirit. 
Received from the Second Entomologist (DijDterist), I.A.R.I., New Delhi, 
labelled : ‘T. C. S. No. 23C, bred from n3anphs of Aleurolobus barodensis, 
Cuttack (Orissa), Manzur Ahmad collection, 2-xii-i938.’' 

This species ^s readity distinguished from E. isaaci by the general 
colour of bod3q C3dindrical club, slender aiitemrfe and hind tarsal segments. 

Tribe Pteroptricini 
Eretmoceras delhiensis, sp. nov. 

Male. — 0.4-0. 5 ,mm. long. Reddish or brownish-orange. Head somewhat 
reddish at vertex, paler in front, wider than thorax ; viewed in front nearty 
as loirg as broad ; cheek about one and a half times the length of 03^0. 
Antennae as shown in the figure 2 d, orange or yellowish-brown. All legs 
3^ellow with the tarsi brovm. 

Veins brown, marginal vein about six times as long as thick. Wing 
clear of pubescence behind the submarginal vein, also with an oblique 
hairless line subparallel to the marginal vein running proximad from the 
stigma. 

T3^pes two males on a slide. Received from the Second Entomologist 
(Dipterist), I.A.R.I., New Delhi, labelled : '‘P. C. S. No. 192, bred from 
n3^mphs of Neomaskellia bergii on sugarcane. Imperial Agricultural Research 
Institute, New Delhi, M. S. Anwar collection, 7-xii-i938.'' 


^Howard, 1894, J. Linn. Soc. London {Zool.), 25 : 97. 
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Subfamih’ Tetrastichinae 
Tribe Tetrastichini 
Aprostocetiis krislinierE sp. nov. 

Female. — 2.5 mm. long. Dark metallic blue or dark metallic greenish. 
Head (Fig. 6 a) dark metallic green, shiin^ ; at vertex width to the length in 
the ratio of 5 : 2 ; iiiiniiteH punctate ; somewhat wider than thorax ; 
ocellocular space about half the interocellar space ; scrobes moderateh'' 
deep and complete ; cheek subequal to orbital height, somewhat Hat, 
without sculjrture, with a median longitudinal line from orbit to mouth 
and deeper near orbit than below ; mandibles tridentate. 



Fig. 6. A^irostoceius hrishnien, sp. nov. a. head in front, b. antenna female, c. wing, 
d. hind leg. 

Antennse dark brovm ; scape brown, somewhat lighter below basalty ; 
rest of antennas as shown in the figure 6 b. Thorax smooth, mesonotum 
with complete and deep parapsidal furrows and a median longitudinal 
furrow ; scutellum with four longitudinal furrows ; propodeum fineh' 
rugose, lateral carinae more prominent than median carina ; there are 
a few scattered minute punctures on scapulas. Wing as showji in the 
figure 6 c. 

Coxae and femora concolourous with thorax ; knees, tibiae, except 
apex tarsi, honey-brown ; hind leg as in figure 6 d ; veins dark brovni. 
Abdomen about one and a half times the thorax, with long white hairs, 
esj)ecialty towards apex.. 

Holotype one female, paratypes several females all on celluloid 
strips on pin ; antennae and wing of one female parat3qDe dissected on a 
slide. Received from the Government Entomologist, Coimbatore, labelled : 
‘‘Coimbatore, from Lixiis irunmUilns grubs in Ainarantiis stems, P. N. 
Krishna A3^mr collection, 5-viii-ig3g.'' 
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The Indian pea 

leaf-miner, was identified as Phytomyza 

airicornis 


(]^Ieigeii) for the first time iii 1937, aiid this identification along with 
preliiiiinary observations on its life-history was coiiiniunicated to the 26th 
session of the Indian Science Congress, held at Lahore (Alnnad and 
Gnpta, 1939). This leaf-iniiier is common and widespread throughout 
Europe, United States of America and several other countries as a pest of 
iiiaiiA' economic plants like pea, chrA^santhemums, Cineraria, etc. LefroA'. 
(190(1) recorded a leaf-mining fly under the name of cruciferous leaf-miner 
and Fletcher (1919) also mentioned it tmder the same name, stating that 
nothing was knovni of its status as a pest. Although the ideiititA* of these 
flies was not determined then, it is fortunate that theA^ were carefulh' 
preserved in the Imperial Pusa Collection. These specimens, as well as 
those bred and collected by the present authors smee 1937, haA'e been 
examined and identified as Phyiomyza airicornis (i\Ieigen). It is thus now 
possible to say that the reports made from India OA^er tliirty years ago 
ruider the name of cruciferous leaf-miner are authentic records of the 
occurrence of this species. 

After the shiftmg of the Imperial Agricultural Research Institute 
to Dehii, the attack of this fly to leaA^es of pea and ser^eral other plants 
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growing in the environs of this new site was fotind to be serious enough 
to call for attention. It ma3^ be mentioned that considerable amount of 
work has been done on this x^est in Italy, England and United States of 
America, but as the conditions x^i'^vailing there are very different from 
those in India, it was exjDected that the fectmdit}^ develox^ment, seasonal 
history, number of broods, food-xDlants, etc., of the x^cst ma3^ be different 
under Indian conditions. From what follows it will be found that these 
expectations have turned out to be true in several impoii:ant asx^ects of the 
activit}^ of the x^est and nian}^ new food-x^lants have been added to the host 
list. The investigation was carried out hy the second author (R.E. Gupta) 
while mrdergoing post-graduate training in Entomology at the Imperial 
Agricultural Research Institute, New Delhi, under the supervision of 
the first author. 

Since the pest has been identified from India onty recentty, a brief 
account of Avhat is known about it in other countries has been included 
here in the interest of Indian readers. 

Our thanks are due to Dr. H. S. Pruthi, Imperial Entomologist, 
for giving us all facilities for working on this pest. 

II. Systematic. POSITION. 

Phytomyza is, in number of sx3ecies, the second largest genus of the 
leaf -mining flies of the famity Agromyzidae (Diptera). The x^^^sent 
sxDecies was first described as Phytomyza geniciilaia by Maccxuart in 1835, 
but as it was preoccuxDied b}’^ another Agromx^zid described b}^ Brulli in 
1832, Phytomyza atricornis (Meigen), 1838 is the correct name for the sx^ecies. 

A revised latest description of the adult (PI. i, Fig. 9) b}^ Cohen (1936) 
is rexDroduced below in original.: — 

‘'Interorbital sxoace and ventral region of face x^ellow ; two subequal 
suxDerior orbital setae ; i to 2 inferior orbital setae ; cheek equal to a third 
of half the dex^th of eye ; antennae black, 3rd segment, quadrate, slight^ 
longer than broad ; arista almost bare; scarcely more than twice the length 
of the 3rd antennal segment ; mesonotum entirety black with a light gre^;^ 
bloom ; narrowty 3^ellow ; 4 pairs of stout dorsocentral setae ; 

acrosticals absent ; femora, tibiae and tarsi dull black : knees yellow, 
feet brown or black ; wings h3mlme ; 2nd, 3rd, & 4th segments of costal 
vein as 4 : I : veins 2 and 3 subparallel, vein 4 nearty straight ; halteres 

yellow; squamae and cilia dark brown ; Eength 2-2.5 Rim.'' 

IID Distribution ^ 

Phytomyza atricornis is wideE^ distributed and besides India, it is 
recorded from Great Britain, Holland, Russia, Australia, North America, 
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Itsly and New Zealand. It is known tinder different common names in 
various countries according to the j)lants attacked. In England it is known 
as the chr3^santhemum leaf-miner and occurs all over the British Isles, 
where chr^^santhemums are grown. In New South Wales it is a pest 
of Cineraria leaves and is accordingly called the Cineraria leaf-miner. In 
Italy it is referred to as the pea leaf-miner, where it is an important pest 
of the cultivated peas {Pimm sativum). Lefroy (1906) found it mining 
the leaves of several cruciferous plants at Pusa (India) and mentioned it 
as the cruciferous leaf-miner. 

In the Imperial Pusa Collection we have specimens of the from Pusa 
(Bihar), Chakwal (Punjab) and Delhi. Rahman (1940) has recorded it 
on toria and sarson from D3mllpur (Punjab). RecentE^ members of the 
Entomological Section visiting several other parts of the Punjab, viz., 
Gurgaon, Rohtak, Kaiital, etc,, have reported the same nature of attack 
on pea and cruciferous plants and it is, therefore, veiy likely that the pest 
is actualE^ much more wideE^ distributed than is known to us at present. 

IV. I'OOD-PUANTS 

The larvse of this Ay are eminentE^ poEThagous and attack a large 
number of plants belonging to several Natural Orders. SegU3^ recorded 
72 host plants and bred the flies from 23 different species of Composite, 
7 of Cruciferse, 4 of Eeguminosee, 3 of Eabiatae and several members 
of Eiliaceas, Linacese, Malvaceae, Papaveraceae and Polemoniace^. 
In India the specimens of the fl3^ in the Imperial Pusa Collection are label- 
led as having been bred from leaves of pea, mustard, linseed, bean and 
cauliflower. A S3^stematic search was made to find out as man3" hosts 
of the fl3^ as possible under Indian conditions. A list of such plants from 
which the immature stages of the Ay were bred to adult stage is given below: — 


2 

3 

!4' 

'‘o- 

^i=6. 

7 

8 , 

*9. 

10, 

11 

12 

13 

^=14, 


Pea [Pistim sativum) Eeguminos£e 

Mustard [Brassica campestris var. sarson) Cruciferee 

Toria [Brassica napus, var. ciichotoma) ,, 

Cauliflower [Brassica oleracea, var. caiili flora) ,, 

Cabbage ( ,, ,, capitata) ,, 

ICnolkohl ( ,, „ ,, caida rapa) 

Tuniip [Brassica rapa, var. lor if olio) ,, 


Radish [Raphanus sativus) 

Tar amir a [Eruca saliva) ,, 

vSafiiower [Carthanvus tinctorms) Compositse 

R elichrysum hractaetum 

Lentil [Lens esculent a) Papilionaceee 

Berseem [Trifolmm alexandrinum) ,, 

Kirao [Pisum arvense) ,, 
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15- 

Marwaini {Meliloius parvi flora) 

Papilionaceee 

16. 

Saharphonka {Tephrosia purpurea) 

) i 

W- 

Plollyhock [Althaea rosea) 

Malvaceae 

*18. 

Kkubaji [Malva sylvestris) 

) ) 

I 9 -. 

Baiie}^ [Horde-wm vulgar e) 

Graniinae 

20. 

Carrot [Daums carrota) 

Umbelliferae 

21. 

Brinjal [Solanum melongena) 

vSolonaceae 

_ 22. 

Potato [Solanum tuberosum) 


23 - 

Pekmia phcenicea 


=i^ 24 . 

Linseed [Linum usitatissimum) 

Linaceae 

.25- 

Palak [Spinacea oleracea) 

Chenopodiaceae 

*26. 

Po2Dp3^ [Pap aver somniferum) 

Papaveraceae 

*27. 

Nastertium [Tropoeohm majiis) 

Geraiiiaceae 

*28. 

Phlox [Phlox drummondi) 

Polemoniaceae 

29. 

vSuper Violet [Viola odor ala) 

Violaceae 


Of the 29 host plants of Phyiomyza atricorms listed above, those marked 
with asterisks are previousl}^ laiown from other countries ; the remaining 
18 species of plants are new additions to the host list, which is still by no 
means exhaustive and further researches would probably bring to light 
several more host plants. 


V. Nature and extent of damage 

The first indication of damage done to the leaves is due to the activity 
of the adult females which puncture tender leaves at numerous places 
with their ovipositor for the purpose of feedmg on the plant juice or of 
oviposition. These pale yellow minute specks later change into prominent 
piotuberances, due to the increased activity of the injured parenchyma. 
When there are only few tender leaves on freshly sprouted plants, the inten- 
sity of these pmrctures is sometimes so high that the leaves become etiolated 
and plants growing mider conditions of lack of moisture maj'- wither away 
altogether. 

The more serious damage done to the crop is, however, that by the 
larvae, which mine into the leaves, eating through the mesophyl and leaving 
the two epidermal layers intact. The food-manufacturing work of the 
leaf is thus corrsiderably interfered with and while in serious cases the attacked 
leaves wither away altogether, in cases of mild attack flowering and fruiting 
activities are considerably reduced. 

The pest is extremely serious in glass houses throughout England, 
where chrysanthemums are grown and while in fields the injury is obvious 
only in spring and autumn. In the glass house with suitable temperature 
conditions the insect can multiply all the year round and sometimes very 
rapidly, thus greatly hampering the commercial growing of these plants. 
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According to Britton (1911) the damage in Connecticut due to another 
closely allied species viz., Phytomyza chrysanthami, has been so great that 
the commercial growing of plants like chrysanthemums, marguerites and 
'y V some other Compositas has been given U]d. 

At Delhi, last year (1937) pea croj) sown on the farm of the Imperial 
Agricultuial Research Institute was very severely attacked soon after ger- 
mination and but for abundant water-supply the plants would have died. 
Twenty-five leaves of pea collected from the field at random on 3rd, I5tb 
and 23rd March were examined for the number of punctures and immature 
' stages of the fly and the results are set forth in Table I below: — 


TabuE I. Intensity of attack on pea leaves. 


Date 

i No. of 
leaves 
examined 

Number of 
Punctures 

No. of 
larvie 

No. of 

1 pupie 

No. of larvsB 
and pupae 

1 

No. of 
sound 
leaves 

% 

sound 

leaves 

total 

' per leaf 

total 

per leaf 

3.iii.38 

25 

275 

11 

92 

141 

233 

9 

4 

16 

lo.iii.3S 

25 

343 

14 

112 

153 

265 

11 

2 

S 

23.iii.3S 

25 

210 

S 

74 

151 

225 

S 

3 

12 


It will be noticed that there were as many as 8-14 punctures, 8-11 
larvae and 2-4 pupee per leaf, and only 8-16% of the leaves examined were 
free of insect damage. Thus the severe damage, the wide distribution of 
the pest and the large number of economic plants attacked, all testify to 
the serious potentialities of the insect. 

VI. IvlEE-HISTORY 

Copulation . — Adults which emerged in the beginning of March in the 
laboratory, began to copulate 36-48 . hours after emergence. When the 
K female is mature, it remains stationery before an approaching male otherwise 

it moves awa3^ briskly. During copulation the female remains stationery 
occasionally vibrating its wings, while the male with its wings closed, sits 
tightly over the female, holding the first abdominal segment with the first 
pair of legs, the middle of the abdomen with the second pair, and the 
termmal portion of abdomen with the last pair of legs. The duration of 
copulation varies from 15’ minutes to i-| hours. When it is brief, it is usually 
. ^ repeated. Both polyandry and potygamy are common. 

Oviposition and mode of feeding . — After the coiDulatioi: is over, the 
female is seen cleansing its ovipositor with its legs. It may then start 
0 “Indian J. Enfc., 3 (1)” 
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making punctures on the leaf either for feeding or for oviposition. For 
this purpose the female raises her abdomen on its hind legs, turns the tip 
of abdomen dcumwards so that the ovipositor is almost vertical on the leaf 
surface. It then pierces the leaf-tissue, stretches the ovij)ositor obliquely 
and revolves it mider the epidermis like a gimlet, withdrawing and pushing 
it again and again. In this m.anner a triangular blotch is formed, with its 
apex at the point of entr}' of the ovipositor into the leaf tissue. This triangle 


Table II. Nmnher of eggs laid per female 





Pair No. 1 

Pair No. 2 

Pair No. 3 

Date of emergence 

1st March, 1938. 

.5th March, 1938 

.I4th March, 1938 

Date of copulation 

3rd March, 1938 

.8th March, 1938 

.I6th March, 1938 

i 

lst-4thday 





5th 


1 

15 

6 


6th 

j j 

10 

18 

10 ' 


7 th 


36 

13 

23 

o 

o 

8th 


34 

0 

34 

c 

o 

9th 


17 

10 

25 

tc 

10th 


16 

24 

13 


nth 


10 

6 

27 

o 

12th 


20 

23 

16 

u 

o 

13 th 


25 

27 

14 


14th 


25 

50 

20 


15th 

J3 

0 

32 

15 


16 th 


10 

17 

8 


17th 


12 

4 

15 


18 th 


16 

8 

17 

§ 

19th 


15 

12 

7 


20th 

if 

7 

8 

12 

o 

21st 


9 

4 

14 

5 

22nd 

i> 

14 

7 

7 

s 

23rd 

if 

11 

8 

11 

CO 

24th 


11 

6 

9 

to 

to 

25 th 

3) 

9 

11 

8 


26th 

33 

7 

23 

6 

o 

27 th 

33 

12 

11 

4 

u 

28th 

33 

7 

11 

2 

o 

29th 

33 

10 

4 

2 

c 

30th 

'3 

9 

0 

3 


31st 

if 

2 

2 

1 


32nd 

33 

— 

. 1 

— 


33rd 



3 

— 

Total No. of eggs. 

. , 355 

358 

329 

Date of death 

(? 

27th March, 1938 

6th April, 1938 

1st April, 1938 

)) 

yy 

$ 

5th April, 1938 

11th April, 1938 

18th April, 1938 


LoDgevity (days) ^ 

Pre-ovd position period. 
Post-oviposition period. 


26 

35 

4 


32 

37 

4 


18 

35 

4 

4 
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measures about 0.3 mm. at its base and about 0.45 mm. along its other two 
sides. The egg is deposited singly in this cavity (PI. I, Fig. 2) and the 
ovipositor is withdrawn. A series of eggs may be laid in similar chambers 
excavated close to one another before the female has an interval of rest. 

It may be mentioned, that eggs are laid in only a few of the punctures 
made in the above manner. Most of these are made for the purpose 
of feeding, in which case the female turns round after withdrawing the 
ovipositor and sucks the plant juice with its mouth parts. Males, 
being not capable of making such holes, are seen waiting in attendance 
close to the females and licking the juice after the latter have left. The 
maximum number of punctures found on a single leaf in nature was 38 and 
in captivit3^ 125. Melis (1935) records as maii}^ as 154 punctures on 
one leaf in nature and 112 on two leaves made b}^ a female in captivit}^ 
in 7 hours. 

Number of eggs and oviposition period. — Cohen (1936) in England 
found that on an average a female laid 51-72 eggs during her life time, 
the maximum in 24 hours being 17. Melis {loc. cit.) in Italy records onty 
38 eggs per female. Under Indian conditions the species seems to be much 
more prolific, as will be seen from the oviposition record of some freshl}’^ 
emerged females in Table II. • 

It will be seen from the above table that the total number of eggs 
laid per female is as high as 329-358, which is about five times the maximum 
figure so far known. The pre-oviposition period is about 4 da^^s and the 
post-oviposition period 4-5 days. The number of eggs laid daiE 
during the first ten days of oviposition, with the exception of first and second 
remains very high. After this it drops down gradual^ till during the 
last few da3^s ver3^ few eggs are laid. It will be further noticed that eggs are 
laid almost daity; during an oviposition period of a little less than a month, 
there are only one or two da3'S when no egg is laid. The maximum number 
of eggs laid on a single day was 50. 

The egg and its incubation. — The egg (PI. i, Fig. 3) is colourless, some- 
what translucent and oval-elongate in form, its length (0.28-0.33 mm.) being 
a little over twice the breadth ( 0.13-0. 15 mm.). The surface is quite 
smooth and without an3" reticulation. The egg being deposited inside 
the leaf-tissue, is in direct contact with the cell-sap of the leaf and, therefore, 
ver3^ sensitive to drought. Eggs exposed to dr3^ air soon shrivelled up and 
failed to hatch. The incubation period and viabilit3’^ of eggs kept in situ 
at- room temperature and different incubator temperatures are given below 
(Table III). 
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Table III. The InctibaUon period 



No. of 
eggs kept. 

Incubation (da 3 ’^s) 

No. of 

0 / 

Temperature. 

■ Average. 

Range. 

larvte 

hatched. 

/o 

viability. 

Incubator 
temperature : — 

13°— 15°C 

105 ■ 

3.91 

3 . 0 - 5.0 

88 

83.8 

16°— 18°C 

163 

3.15 

3.0-4.0 

138 

84.6 

20°— 23°C 

110 

2.74 

2.0-3.5 

92 

83.6 

Room temperature : — 






23o_28°C 

393 

2.2 

1.55-3.0 

348 

88.5 


The egg stage varies from 3.9 da3^s at I3“I5°C, to 3.2 at i6-i8'"C, 2.7 at 
20-23 °C and 2.2 at 23-28 °C. The percentage viabilit}^ is fairty high, 84-89% 
of eggs being viable under these conditions. According to Cohen [loc. cit.) 
the incubation period is g-J- to 4 days at i8°C, and according to Melis 
[loc, cit.) it is 2 days at room temperature during March and April. 

The larval stage . — The freshly hatched larva (PI. i, Fig. 4) is white, 
with the exception of the mouth-parts which are smoky-bro^vn. hater, 
due. to the food contents the abdominal portion shows a ‘ greenish 3^ellow 
tinge. It is subc3dindrical in form with maximum thickness in the middle, 
tapering both ways, and ending in a narrow point . anterior^ and a bluntty 
rounded terminal portion posterior^. When full grown, it measures 
about 3.0 mm. long and 0.75 mm. broad (PI. i, Ing, 5). 

The larva is essentially a solitar3^ feeder, there being one individual 
in a gallery. When two or more eggs are laid close together, the larvae 
make divergent galleries; therefore it is very rare that they coalasce into one 
another. With its mouth-hooks formed of bidentate mandibles, (PI. i, 
Fig. 6) the larva feeds on the mesoph3d of the leaf without injuring the two 
epidermal la3^ers. These galleries often run in lines parallel to the prmcipal 
vein but may also follow a zigzag course (PI. i. Fig. i). As the larva grows 
in size the mines widen and become more distinct, being marked b3^ pellets 
of frass and excreta throughout their course. 

Melis records that the larvae jmpate 14-15 days after hatching at room 
temperature (March-April) ; Cohen mentions a larval period of ip-ii da3^s 
at 18° C. We made a large number of observations on the larval period 
at different temperatures by cutting leaves containing freshly hatched 
larvae and 2^1acing them in incubators after di2Dj)ing the jDetiole in water. 
This precaution was necessar3^ as the entire larval j^eriod must be completed 
in the same leaf, since once removed from its gaUer3L the laiwa cannot restart 
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a gallery on a fresh leaf and it dies helpless^. These observations are 
summarised in Table IV. 


Tabi^E IV. The duration and viahility of larval stage at different temperatures 



No. of larvce 
kept. 

Larval duration (days) 

No. of pupre j 
obtained 

[ 

0/ 

Temperatnre. 

Average 

Range 

i /o 

1 viability. 

Incubator 
temperature ; — 

13°— 15'^C 

21 

11.1 

11.0—11.5 

13 

i 

1 

61.9 

16°— 18°C 

149 

8.4 

8.0— 9.0 

80 

53.7 

20°— 23°G 

80 

.5*6 

5.0— 6.0 

1 51 

1 

1 63.8 

Room temperature : — 






23°— 28°C 

347 

0.2 

4.0— 6.0 

178 

51.3 


X 


The larval duration was thus found to range between ii.i days at 
I3~I5°C to 5.2 da3^s at 23''-28°C. The percentage viabilit}^ varied from 
51-64% and was highest at about 22''C. 

The p^f^pal stage. — Towards the end of its larval life, the larva prepares 
a wide chamber and pupates within its last larval skin, which hardens 
in due course (PI. I, Fig. 7). The freshly formed puparium (PI. I, Fig. 8) 
is long, and oval, and pale 3^ellow in colour but with age assumes a reddish- 
brown or a dark brown colour. It measures on the average 2.0X0.g mm. 
More often pupation takes place below the lower ej)idermis of leaves. 




ii 
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Tabee V. The duration and viability of pupal stage at different temperatures 



No. of 
pupa? kept. 

Pupal period (days) 

No. of flies 
emerged. 

1 

0/ 

Temperature 

Average 

Range. 

/o 

viability. 

Incubator 
temperature ; — 

13'=’— 15°C 

31 

15.1 

14.5-16.0 

22 

71.0 

16°— 18°C 

36 

11.5 

11.0-12.0 

25 

69.4 

20°— 23°C 

51 

8.1 

8.0- 8.5 

39 

76.5 

Room temperature : — 






23°— 28°0 

152 

6.8 

6.0- 8.0 

100 

65:8 
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According to previous records the^^upal period is 11-12 da^^s at i8°C 
(Cohen, 1936) and 12-14 da^’-s at room temperature (Melis, 1935)* Our 
observations detailed in Table V show that it varies from about 15 da^^s at 
I3-I5°C to about 7 da3^s at 23-28°C. The percentage viabilit}^ is 70-76, 
being maximum (76.5%) at about 22'^C. 

Longevity of adults. — Tike man3^ other flies the adults of Phytomyza 
atricornis are short-lived in the absence of food. At room temperature 
(23° — 28°C) the longevit3^ was only 2 da3^s. At incubator temperatures 
of I3-I5°C and i6-i8°C the3^ lived for 2-4 da3"S. When hone3’^ solution was 
supplied as food or when the adults were offered fresh pea leaves daity, 
from which the3^ were able to obtain their nutrition, the3^ lived up to a 
maximum of 29 da3^s (average 15 da3^s) at room temperature (23°-28°C), 
86 da3^s (average 61.5. days) at i6-i8°C and 50 da37's (average 27 da3^s) at 
I3-I5°C. This shows that given suitable conditions of temperature and 
food the adults are veiy long-lived. 

N 'limber of broods and seasonal history. — The pea leaf-miner seems 
to be essentiall3^ an inhabitant of temperate regions and it flourishes under 
conditions of moderate temperature and high humidit3^ Therefore, 
in a tropical country, such as India, its activities are restricted mainty to 
spring (Januar3^ to April) and like several other flies with similar temperate 
seasonal requirements, e.g., the tur-pod fly, Agromyza the. linseed 

Ay, Dasynenra Uni etc., it aestivates during the period of unfavourable 
high temperature. 

The adults of Phytomyza atricornis make their appearance for the 
first time general^ in January and sometimes in December. B3^ February, 
pea and other spring host-plants of the fl3^ are just sprouting and offer 
suitable material for its feeding and oviposition. At a temperature of 
about 17*^0, which usualty prevails during Februar3^ one generation of 
the fl3^ is completed in a little less than a month. Tater in March and 
April, with the warming of the season one brood requires 01113^ half a month 
(Table VI). Thus from Februaiy to April, there are 4-5 generations. 
Active breeding stops in Ma33 but at cooler places and specialty on late- 
growing spring hosts, restricted breeding is observed to continue until June. 
In the laborator3^ the last maggots j)upated b3^ the beginning of June, and 
the summer and autumn were passed in the pupal stage. The emergence 
of flies started in December- January and this completed the seasonal life- 
C3^cle. Although there was no emergence in autumn in the laboratory, 
it seems some flies do emerge about August in nature, as a few maggots 
were found mining leaves of lucerne in September at Delhi. These were 
extremety few and do not seem to be of much importance. Thus the normal 
breeding season of the fl3^ under Delhi conditions extends from January 
to May, with active breeding only from February to April, 
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TabIvE VI. The duration of one generation under different conditions 


Jl 


Temperature. 

Pre- 

oviposition 

period. 

Incubation 

period. 

Larval 

period. 

Pupal 

period. 

Total period 
for one 
generation. 

Incubator 
temperature : — 

13°— lo°C 

6 

3.9 

11.1 

15.1 

36.1 

CD 

0 

1 

)— 1 
00 

0 

0 

0 

3.2 

8.4 

11.5 

28.1 

20°— 23°C 

4 

2.7 . 

5.6 

8.1 

20.4 

Room temperature : — 






23°— 98°C 

4 

2.2 

5.2 

6.8 

18.2 


- 4 . 


A 






VII. CONTROE MEASURES 

1. Mechanical methods . — Mechaincal control consists of the s^^stema- 
tic collection and destruction of infested leaves as soon as i^ossible after 
the appearance of the pest so that its activities ’ are nipped in the bud. 
Owing to low temperature the development of the first brood is rather 
slow and the number of flies commencing it is also usually limited. There- 
fore it should not be difl&cult to remove the few affected leaves in a period 
of well over a month. It is true that the plucking of too many leaves 
may bring about a marked interference in the grovdh of the plants, parti- 
cularl}^ when the}^ are ver}^ young but when it is remembered that most 
of these affected leaves have to wither away on account of the attack, 
it is as well to collect and burn them. With proj)er irrigation such plants 
sprout again and it is not necessary to resow the crop. Of course this method 
must be supplemented by the removal and destruction of alternative host 
•plants in and around the main crop and the fact that there are a large number 
of host plants attacked b}^ this species discounts the value of this method 
to some extent. 

2. • Chemical control.— In spite of the fact that all the pre-imaginal 
stages of the pest are passed within the leaf tissue, the^^ are amenable 
to contact spra3^s, because of the ver}^ thin ei)idermis which protects them. 
One part of nicotine sulphate and two parts of soft soap dissolved in 400 
parts of water kill all the immature stages excepting the advanced pupae. 
It is, therefore, necessary to repeat the spraying after a period equivalent 
to the duration of egg, larval and half pupal stage of the pest which varies 
from 11-16 days according to the season. This spray also acts as a tem- 
porary repellant against further oviposition. 
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Attempts have also been made by Melis in Italy to poison the adults by 
spraying the crop with poisoned sweet solutions but the results so far 
obtained have been only a partial success. This seems to be due to the fact 
that flies have abundant suppty of natural nutrition in the form of leaf juice 
available, and unless the sprays used are more attractive this method 
cannot form an effective control. It would further be seen that male flies 
wliich are without independant means of obtaining the natural food are 
more likely to feed on these sprays. This fact is recorded by Melis. Trials 
with various attractants mixed in the poisoned sprays are worthy of further 
investigation. It will also be useful to discover suitable season and time 
for such sprays e.g., it is likely that on hot and bright days artificial food 
supplied ma3^ be more in demand. 

3. Natural enemies .— of Phytomyza atricornis were found i^ra- 
sitised by an internal parasite Solenotus sp. The parasite lays 1-4 eggs within 
the host body and the grubs, onhatching, go on feeding for 4-5 days (during 
March- April). They then pupate within the body of the host, though 
sometimes they may crawl out and pupate naked. The adult parasite 
emerges from the pupa after another 4"5 ^.ays. The parasite was first 
observed as early as end of February. It is^ therefore suggested that the 
collection and destruction of leaves infested with the pest should be carried 
out judiciously^, by enclosing them in wire gauze cages through which the 
parasite can escape but the host cannot. 

VIII. Summary 

Hitherto known in India under the name of Cruciferous leaf-niiner, 
this species has been now definitely^ identified as atricornis (Meigen). 

It is a common and widespread leaf-miner throughout Europe, United States 
of America, Australia and several other countries. The larvae of this fly 
are eminently polyphagous, over 6 dozens host plants being already known , 
29 species of plants have been found subject to the attacks of the leaf- 
miner in India, of which 18 are new records. The damage to the leaves 
is partty due to the numerous punctures made by the female for feeding 
purposes, but chiefly^ on account of the mining of larvae into the leaves. 

During March aird April when the temperature is 23°-28°C, one genera- 
tion is completed in about 18 days (pre-oviposition period 4 days, incubation 
period 2 day^s, larval period 5 day^s, and pupal period 7 days). The number 
of eggs laid ^er female so far known is only 5^-72, but mider Indian condi- 
tions as many^ as 329-358 eggs per female were not uncommon. 

The morphology of its various stages has been described and illus- 
trated by flgures. 

An Eulophid parasite, SolenoUis sp., has been bred from the larval 
stage of the fly. 
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EXPLANATION OF PLATE I. 

Fig. 1. Attacked leaf showing egg-spots & larval mines 
Fig. 2. Egg-spot & the egg inside ( x 30). 

Fig. 3. Egg taken out. ( x 90). 

Fig. 4. Larva, freshly hatched (x 90). 

Fig. o. Larva, full grown ( X 30). 

Fig. 6. Head of larva showing mouth parts, highly magnified. 
Fig. 7. Pupa inside the mine ( x 10). 

Fig. 8. Pupa taken out (x 30). 

Fig. 9. Adult fly, male (X 36). 
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A METHOD OF CUTTING SECTIONS OF TICKS 
AND INSECTS* 


By S. K. Sen, m.sc., p.r.e.s., Research Officer {Entomology), 

Imperial Veterinary Research Institute, Mukteswar. 

{Received f or publication on lo/Jt March, 1941) 

The paraffili-celloidin method, though commonly used for cutting 
serial sections of large chitinous objects, is hardty suitable for minute 
specimens,- inasmuch as the coating of celloidin prevents the direction 
of such specimens being accurately determined and this makes it difficult 
to orientate them, while being imbedded in the paraffin medium. This 
is |)articularly so when the solvent used for celloidin is clove oil, instead 
of a mixture of ether and alcohol, for the former imparts a brownish 
colour to the celloidin medium and thereby makes it translucent. Moreover, 
the paraffili-celloidin method was found to be very unsuitable for cutting 
serial sections of whole specimens of ticks. 

Numerous trials were carried out to test the possibility of avoiding 
the use of the double imbedding method in the case of ticks. The ordinar}^ 
smgle paraffin method proved of little value, though it would appear to 
have been used with success b^^ Robhrson and Davidson (1913) in cutting 
serial sections of the tick, Argas persicus. Unfortunately, these authors 
have not indicated the precise duration of the paraffin bath, the onty state- 
ment made b}^ them on this point bemg that ‘The duration of the paraffin 
bath must not be j^rolonged for a moment moie than is absolutely necessar}’^''. 
As for chitin “softeners'", three of these were tested: (i) Amaiin's chloral- 
phenol metliod, as described b}^ Uangeron (1913) and which is claimed to 
have the advantage of retaining the “integrite des- echantillons" and of 
conserving exactly the forms of the chracteristic organs “sans contraction, 
ni gonfiement". This fluid, however, ax^peared to be too drastic in its effect 
to be of value for a histological study of the internal tissues. (2) Murra3"'s 
modification of Amann's formula, involving a previous double fixation 
of the material with fonnalin and Gilson-Carno^^ solution. This method 
failed to x^roduce results comparable to those claimed to have been obtained 
b}^ Murra}^ (i93^7) case of the tongue of the blow-fly and the gut of 

the earwig. (3) Diaxffianol, which in conjunction with dioxan [infra), 
was successfully used, by Sapre (1940) in cuttmg serial sections of the tick, 
Ornithodonis papillipes. This substance, while otherwise a highl}^ efficient 
“softener" for the chitin, was not found to be entirely free from the tendency 

* This paper was read at the 28th session of the Indian Science Congress, held at Benares in 
January, 1941. 
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to exert an injurious effect uxdoii the internal tissues of ticks, and in this 
respect, the writer is in agreement with Eltringhani (1933) in the latter’s 
remark that, 'hn spite of statements to the contrar\3 it (diaphanol) does 
cause, in the softer tissues, changes which preclude accurate diagnosis of 
their histology.” In order to avoid over-treatment with diaphanol, 
Pavlowsk}' (1931) suggested that the hardness of the chitin should be 
tested from time to time with the point of a needle ; this, however, can 
hardly be relied upon in practice. 

It was eventual^ found that, with a suitable fixative, Peterfi’s method 
benzoate method was capable of being utilized with a fair amount of success 
in cutting serial sections of even highty chitinized ticks. Trials were carried 
out with a number of fixatives, including those of Carnots Duboscq-Brasil, 
Bles, Bouin, Mukerji (1937) and Petrunkevitsch (cited b}’ Imms, 1939), 
but the best results were obtamed with vSherlock’s fluid consisting of 95 parts 
of saturated solution of mercuric chloride and 5 parts of acetic acid (cited 
by Eltringhani, 1930). The advantage of the last-named fixative is that 
it is free from alcohol, which, as is well known, has a hardening effect on 
the chitm. For the same reason, the dioxan (dieth3d-dioxide) method was 
substituted for deh3^dration in the higher grades of alcohol. As, however, 
dioxan vapour is toxic for the human subject (Gatenb3^ and Pahiter, 1937 ; 
Carleton and Leach, 1938), a series of tests was carried out with “solvax”, 
which has been claimed b3^ its manufacturers (Messrs. Flatters and Garnett, 
Manchester) to be as effective as dioxan and at the same time free from 
the drawback of the latter, as mentioned above. These tests seemed 
particularh^ desirable in view of the higlil3^ satisfactor3^ results reported 
to have been obtained from its use b3^ Eltringham (1937) in his studies 
upon the sexual characters of the males of certain Indian moths, for, on this 
subject he wrote as follows : “The use of the fluid named ‘solvax’, supplied 
b3’ Messrs. Flatters and Garnett, has enabled me to dispense with strong 
alcohol, benzol, cedar oil, and similar agents, all of which tend to harden 
chitin. Solvax wiU deh3Mrate rapidty from 20% alcohol and mixes freety 
with paraffin and with x3dol. It is an ideal medium for embedding purposes.” 
Solvax has since proved to be a very suitable reagent for delwd rating 
insect and tick material and is now used b3^ the writer in preference to either 
alcohol or dioxan. 

The procedure for preparing minute chitinous objects for section- 
cutting is as follows : — 

1. Fix in vSherlock’s fluid for 3 hours. 

2. Wash in distilled water for 2 minutes and stain in a strong watery 
solution of eosin for 3 minutes, in order that the object ma3^ 
be easily seen while being imbedded in paraffin. 
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3. Transfer to 30% alcohol for 48 hours, with iodine solution for 
the removal of mercuric ciystals. Remove to 'solvax’ and leave 
the object for 48 hours, changing the fluid thrice. 

4. Place in meth3d benzoate celloidin solution (10 grammes of 
celloidin dissolved in 1,000 c.c. of methyl benzoate) for 48 hours, 
with two changes of the solution. Transfer to benzol for 24 
hours, changing the fluid once. Place for 15 to 30 minutes in 
benzol-parafiin at 37°C. This represents Peterfl’s method-benzoate 
method. 

5. Keep in melted paraffln (melting-point 6o°C.) for i hour, 

6. Imbed in a watch-glass, orientating the object with warm ucedles 
under a magnifodng glass. 

7. With a glass pencil draw a line ou the edge of the watch-glass 
to indicate the long axis of the object. 

8. . Plunge bhe watch-glass into cold water, and with a fine needle 
draw a line on the edge of the wax in continuation of the one 
previousl}’^ dravm on the watch-glass in pencil. Using this line 
as a guide, the object mao^ be cut in an}- direction, a suitable 
thickness for the sections being 8 to 10 microns. 

The removal of the paraffin and celloidin from the sections should 
invariably be followed by a momentar}^ immersion of the slides in a 0.8 per 
cent solution of celloidin in ether-alcohol, as recommended b}’^ Gu3^er (1936). 
The omission of tliis step is likety to result in the sections coming off the 
slides while being passed through alcohols or washed in water. 

Ver3^ good results were obtained with Mann's eosin -method-blue stain, 
reason of the rapidit}^ of its action, this stain proved more advantageous 
than Heidenhain's iron haematoxodin. 

On the subject of cutting of serial sections of ticks, Cowdro^ and Ham 
(1932) have remarked : ‘‘After much experimentation it was found that 
complete serial sections could be onty obtained in the case of ticks after 
their chitinous coverings had been complete^ removed hy careful dissection." 
Shortt (1936) has likewise recommended the removal of the dorsal chitin 
and the cutting of “tangential sections of the dorsum, thus avoiding, as 
far as possible, the hard chitinous parts on the ventral aspect." With the 
solvax-Peterfi method described above, these precautions have been found 
to be unnecessar3^ 


SmiMARY 

A method is described for cutting serial sections of minute chitinous 
objects and of whole specimens of ticks. This consists in fixing the material 
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in Sherlock’s solution and dehydrating in 50 per cent alcohol and later 
in the proprietary preparation known as “solvax”. The material is then 
dealt with by Peterfi’s methyl-benzoate method. 
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NEW CERAMBYCIDAE FROM INDIA AND BURMA 

By J. C. M. Gardner, 

Forest Research Institute, Dehra Dim, U. P. 

(Beceived for publication on2Slh February, 1941) 

The holotypes and paratypes of the three new species described here 
are in the Forest Research Institute, Dehra Dun. 

Chlorophorus shoreae, new species (Fig. i) 

Ground colour black ) pubescence bright yellow with dark markings. 
Antennse very dark broum with thin ashy pubescence. Degs dark brown 
or blackish, with close ashy pubescence, except above on distal half of hind 
femora and hind tibite and tarsi.' Head yellow. Pronotum yellow, except 
three nearly nude black spots ; one large discal, pyriform, longer than wide 
and not reaching anterior and posterior margins, and one on each side 
before the middle, small. Scutellum yellow. Each elytron with bright 
yellow and thick dark brown marks ; one rather wide yellow stripe extends 
from near the shoulder, along base to scutellum, then along suture and after 
curving outwards, is directed back towards the shoulder after giving off 
a short but wide branch to external margin ; a yellow transverse band 
behind the middle extends from near the external margin (sometimes 
touching it) to the' suture along which it is expanded both anteriorly and 
posteriorly, the posterior sutural extension sometimes narrowly connected 
with an apical yellow band with oblique anterior margin. 

Ventral surface uniformly covered with dense pale yellow pubescence 
except the last abdominal segment which is darker. Antennae short, not 
reaching to middle of elytra, the third segment a little longer than the fourth. 
Prothorax a little longer than wide, moderately curved laterally, widest 
behind the middle. Elytra broadly truncate, the_ external angles with 
small points, the inner with 2 still smaller points. The hind femora 
extend beyond the elytral apex. Dength 5 to 7 mm. 

Described from thirteen specimens bred from wood of Shorea robiista, 
Dehra Dun, U. P. (M. Bose). 

Eunidia xyliae, new species 

Head and prothorax red, with silky pubescence of the same coRur ; 
anteniice black with very thin pubescence ; elj'tra black with thin uniform 
greyish pubescence ; metathorax and abdomen below obscurety reddish, 

55 “iiidian J. Eiit., 3 (1)” 


56 


J. C. M. Gardner 


more or less infuscated and with rather close yellowish pubescence ; legs 
with tibite and tarsi black, the femora red basally black distally, the black 
at apex only on anterior femora but more extensive on the two posterior pairs. 

Third antennal segment short and acutely angulate. Prothorax 
wider than long, rather wider anteriorly than posteriorly, with well marked 
but rather shallow anterior and posterior transverse grooves above. Elytra 
with small fairly close pmictures from base to near the round apex. Eength 
6.2 mm. to 7.8 mm. 

Two specimens reared from Xylia dolabriformis : Prome Burma 
(M. H. Desai.) 

The new species is distinguished by its colour from other known species. 

Smermus fisheri,* new species (Fig. 2) 

Head blackish with dull golden pube- 
scence on frons, gense and a median 
dorsal line. Antennse with scape dark 
brown, dull reddish basally ; segments 3 
to II dull testaceous but dark apically. 
Prothorax blackish with dull golden 
pubescence in three lines, above and 
rather more thinly on whole lateral 
area. Scutellum with dense dull golden 
pubescence. Elytra dark brown M'ith dull 
testaceous elongate marks as in figure 2. 
Under surface with fairly uniform dull 
golden pubescence. Begs dark brown. 

Head with scattered and rather coarse 
punctures on frons and genas. Eyes reach- 
ing about half way to mandibles. Antennse 
about four times as long as body ; scape 
gradually enlarged to near apex, then 
somewhat narrowed. Prothorax longer 
than wide, nearly cylindrical, slightly 
roundly protuberant laterally near anterior 
margin and again near the middle ; with 
very distinct moderately close punctures. 
Elytra obliquely trmicate at the apex, 
the angles not markedty produced ; sur- 
face with very thin pubescence, distinctly 
P^uctured on basal half. ■ Eength 12 mm. 
to 16 mm. 



Fig. 1. Chlorophorm shoreae, new 
species. Fig. 2. Smermus fisheri, 
new species, right elytron. 


♦Named after Mr. W. S. Fisher of the United States National Museum. 
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Described from iive specimens reared from stems of Clerodendron 
infortimatum, Myitkyiiia and Anisakaii, Burma (R.Hlaogb). 

This species has some resemblance to S. ■mmszechi'h'a.c., but is darker, 
the markings on the elytra are more elongate on the whole and the el^hral 
apices aie not eniargiiia-te. 

Synonymy on NncYDAms indica 

Necydalis indica Gardner [Indian For. Rec., 2 { 4 ) : 128, 1936] , described 
from Chakrata, U. P., is preoccupied by N. indica Pic [Mel. Exot. Ent., 
3 : IQ iqi2l fromMurree, Punjab and is now renamed N. mdtcola Gardner. 
It is^possible that the two species may be identical but Pic’s description 
is too brief for a definite statement on this point. 
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NOTES ON SOME INDIAN PARASITIC HYMENOPTERA, 
WITH A DESCRIPTION OF A NEW CYNIPID 


By E. S. Narayanan, 

Assistant to the Imperial Entomologist, New Delhi. 

{Received for publication on 28/7/ February, 1941) 


Introduction 


During the course of studies on hymenopterous parasites at Pusa 
and Delhi, I came across two interesting species of Braconids, one of which, 
‘parasitic on Sylepta lunalis Guen. is new and is being described by my 
colleague Dr. K. B. Dal elsewhere under the name Apanteles pttsaensis. 
The other species, Apanteles pahtdicolce Cameron, is parasitic on 
Sphenarches caffer Zell. Biological notes on these two species are given. 

Two species, one an Enc^drid and the other a new species of para- 
sitic Cynipid wiedemann, were also bred by me from Sphaerophoria javana 
Wiedemann predating on Aphis labnrni Kaltenbach in Delhi. The new 
Cynipid is described below mider the name Amblynotus syrphidiphagns. 
Notes on the Encyrtid, Aphidencyrtns aphidivorns (Mayr), which is recorded 
for the first time from India, are also added. 


I wish to express my sincere thanks to Dr. Hem Singh Pruthi, 
Imperial Entomologist, for giving me all facilities for work and to Mr. M. S. 
Mani for valuable suggestions in the description of the new parasite. 


Biotogicau notes 


Apanteles paludicolae Cameron 


This parasite was first described b^^ Cameron (1909) and later 
redescribed b}^ Wilkinson (1928) as parasitic on the caterpillars of the 
PteroxDhorids, Trichoptilus paUidnni Zell, and Platyptilia molopias Me3uick' 
in Ce^don. . Johnston (1930) reported that it was the most important 
parasite of Sphenarches caffer in Sudan where the latter attacks the buds 
of Dolichos lab-lab. At Pusa, it has been bred from the caterj)illars of 
Sphenarches caffer, a minor pest of Lagenaria vulgaris, Dolichos lab-lab, 
Cajanus cajan and Cncurbita pepo in different parts of India. 

At Pusa, the leaves of Lagenaria vulgaris are attacked by the cater- 
pillars of Sphenarches caffer throughout the year. Beginning from July 
up to the end of March, the parasites are seen in numbers, flying among 
the leaves of Lagenaria vulgaris, evident^ in search of host caterpillars. 
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The female parasite settles cIotoi now and then warih^ near the host larvas 
to deposit the eggs. Frequently after attempting to oviposit , on some 
caterj)illars, the parasite was actually observed not to lay eggs on them. 
Sucli caterpillars, however, on examination, proved to have been parasitised 
already. From this it would appear that the female parasite is gifted with 
a prescience to discriminate between a parasitised and a non-parasitised 
individual. The whole act of oviposition occupies about three minutes. 
The host does not appear to be affected by parasitisation in the initial 
stages of its development, hater on, however, the caterpillar loses its 



Figs. 1 — 4. Apanteles pahidicolce Cam., 1. Grub emerging from larva of host; 2. FuU- 
grown larva ; 3. Adult femalo ; 4. Cocoon with clear-cut lid. 

Figs. 5—6. Apavteles 'p^isaansis Lai. 5. Grub ; 6. Adult female. 

normal green colour, turns yellow, and becomes sleepy. Just before the 
emergence of the full-grown parasitic larva from the host body, the 
quiescent caterpillar begins to move about and squirm its body painfully 
bent in the form of an arc. Very soon a white point, which is the head of 
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the parasite, comes out from about the middle region of the abdomen between 
third, fourth and fifth abdominal segments (Fig. i), ventro-laterall}^ on 
the left side. The oval slit after the emergence of the larva can be seen 
clearly. The full-grown larva (Fig. 2) after emergence from the host 
is of Braconid shape, curved at the cephalic end. It is 5 mm. long and 
I mm. broad across the thorax. In colour it is white and opalescent with 
dark brown mandibles. There are nine pairs of spiracles, the first pair 
on the mesothorax and the next eight pairs on the first eight segments of 
the abdomen. The head and the thirteen post-cephalic segments are clearly 
marked. The last segment is modified into a caudal vesicle. The inte- 
gument of the vesicle is attached to the last larval skin in the cocoon. 
Hypopleural swelling is present on each side of the abdominal segments, 
one to nine inclusive, and on the metathoracic segment, each being ventral 
to the spiracle. Dorsal humps are very poorly developed. Soon after 
emergence from the caterpillar, the parasitic larva spins a cocoon on the 
leaf, within which it pupates. The larval period inside the bod}^ of the 
hpst is about 20 days in winter. During Juty-September it is onl}^ 12 da^'S. 
The pupal period according to Johnston (1930) varied from 4-7 da3^s in 
Sudan. At Pusa, it varied from 9 days in winter to 6 da^^s during July- 
September. The adult emerges from the cocoon by cutting a clean lid 
(Fig. 4). In Sudan, the, percentage of parasitism was re^Dorted to be only 
28, whereas at Pusa it varied as follows : — 


Year 

J lily 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

March 

1933-34 



_ 



__ 

48.0 

64.5 

47.0 

33.3 

30.0 

1934-35 

55.5 

58.3 

42.8 

45.4 

59.2 

80.6 

43.6 , 

30.7 

22.2 

1935 (Ooncld.) 

44.4 

45.4 

37.5 

40.0 

50.0 

42.8 

— 

— 

— 


Apanteles pusaensis"" Dal (MS.) 

This Braconid (Fig. 6) parasitises the caterpillars of the Pyralid, 
Sylepta lunalis which feed on the leaves of the grape-vine, Vitis vimfera, 
at Pusa. It is remarkable that inspite of the normal and regular- 
occurrence of superparasitism, 60-70% of the larvae are destro^^ed in the 
field between July and August. About 20-40 full-grown parasitic larvae 
emerge from each host caterpillar. The full-grown larva (Fig. 5), on emerg- 
ence from the caterpillar, is cream}^- white and opalescent. It is curved in 
the form of an arch, and is 4 mm. long and i mm. broad. Immediately 
after emergence, it spins a cocoon and pupates. The pupal period is about 
5-6 days in July-August. 


*The description given here is not intended to establish the specific name of this new species, 
which is being described by Lai elsewhere. 
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Sa''stematic notes 
Superfamily CHALCIDOIDEA 
Aphidencyrtus aphidivonis (Ma}^) 

1875. Encyrtus apliidivoruSy Mayr. Verli. zool.-hot. Ges. Wien, 25 : 712. 

1909. Encyrtus aphidivorus. Masi, Boll. Lab. zool. Gen. Agr. Portici, 3 : 96. 

1921. Aphidencyrtus aphidivonis, Mercet, Faun. Ibdrica, p. 343. 

This Enc3^rtid, which is recorded here, foi the first time from India, 
occurs all over Europe, where it has been noted as a parasite of the Braconid, 
Aphidius hrassiccB Marsh, itself a parasite of Brevicoryne brassiccB (Einn.). 
It has also been reported to parasitise the Cynipid parasites of the. aphid, 
AotU'ia vittrix estw . in Europe. From this it would appear that this is 
an important h3qDerf)arasite of aphides. 

The genus Aphidencyrtus Ashm.^ itself has not been recorded so far 
from India. It resembles the genus Ooencyrins veiw closeE^ especialty 
in the wing venation. Body is metallic coloured. The first two or three 
funicular segments are short and moniliform, the following segments usualty 
longer than thick. At least two last segments are somewhat broader than 
long. The antennal club is long, thicker than the rest of the antennse 
and over one half as long as this. The axilliae approach each other very 
closety but do not touch. Scutellum smooth or polished. Wings hyaline, 
stigmal vein shorter than the combined length of the marginal and post- 
marginal veins, the marginal vein itself is less than twice as long as thick. 
Postmarginal is weakty developed but somewhat longer than marginal. 
Abdomen broad, oval, flat above and much shorter than thorax. In the 
male the flagellum of antenna is clavate, hair3^ with the segments about 
twice as long as thick. 

About a dozen species are known, most of which occur in the United 
States of America. The species A. aphidivorus is easity distinguished 
from all the other species of the genus b3’^ the following characters : 

The third and fourth fmiicular segments of the female are much 
onger than the rest, club is equal to the four preceding fmiicular segments 
combined. Marginal vein is a little longer than the stigmal vein. In the 
male the middle funicular segments are as long as their apical breadths. 
The middle legs are black, with the a^iices of the tibise brown. Further, 
the head is finety shagreened. Scutellum and mesonotum are minutely 
reticulo-scaty. Eength of body : Female 0.95 mm., male 0.89 mm. 

Superfamily CYNIPOIDEA 
Amblynotus syrphidiphagus, sp. nov. 

Female.— about 1,5 mm. Black. Antennae dark brown, 
with the tip black. Eegs brovm witli the hind cox^ very dark brovm 


1 W. H. Ashmead, 1900 .Proc. U. S. nat. Mus., 22 : 340, 347, 398. 
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and hind femora reddish-brown, leg pubescence ver}^ fine. Venation light 
brown. 

Head viewed from above 
wider than thorax, length to 
width in the ratio of 4 : 8. 
Occiput strongly concave. 
Vertex very finely striated. 
Ocellocular space about two 
and a half times the ocellar 
diameter, interocellar space 
twice the ocellocular. 

Head viewed in front about 
round. Antennas inserted just 
above the middle of face. 
Face densely striated, and 
below the insertion of the 
antennas densety clothed with silvery-white hairs. vScape dark brown, 
pedicel dark brown, globose and about half the length of scape, first funicular 
segment somewhat longer than pedicel. Club solid with a very faint 
transverse line at apical third. Rest of antenna as shown in figure 7 a, and 
distinctly longer than the thorax and head combined. Thorax finely' 
striated, mesopleura smooth. Scutellum with two prominent grooves in 
front and coarsety rugose behind ; parapsidal furrows deep and comiDlete. 
Wings as shown in Figure 7 b. Abdomen shorter than thorax, smooth and 
shiny ; hairs at base on first apparent tergite light brovn. Hind 
coxee with dense light brovai hairs. Second apparent abdominal tergite 
almost equal to the first, 

Holot3qDe one female in spirit, paratypes three females in spirit. 
In the Imperial Pusa Collection, New Delhi. Parasitic on the larvse of 
the Syrphid, Sphcerophoria javana, a predator oir Aphis laburni, at Delhi, 
E. S. Narayanan coll. 

This species chiefly differs from all the other knovm species of the 
genus Amblynokis, which is being recorded for the first time from India, in 
the antenna being distinctly longer than the thorax and head combined, 
and in the finely striated thorax and the third antennal segment being 
equal to the fourth in length. 



Fig. 7. Amhlynotiis syrjjhidvphagusj s]), nov, female, 
a. antenna ; b. wing. 
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PTERYGOSOMID MITES PROM TWO NORTH INDIAN 

LIZARDS 

By M. Abdussai,am, 

Punjab Veterinary College, Lahore. 

{Received for 'p'^hlicalion on 26//t June, 1940) 


I. Introduction 

The family Pterygosomidse comprises eight genera of medium-sized 
trombidiform mites, which are all parasitic on lizards, with the exception 
of Pimeliaphilus podapolipophagus Tragardh, a species fomid mrder the 
elytra of an Egyptian beetle, Pimelia sp. Of another species, Hirstiella 
tromhidiformis Berlese, the host is miknown, but in all probability it is a 
lizard. Pterygosoma, the type-genus of the family, was erected by Peters 
(1849) ^ parasite of Agama mossamhica Peters. vSubsequently, several 

authors have described new forms occurring on lizards, but the most import- 
ant contributions to our knowledge of these mites are made b}^ Tragardh, 
Hirst and Lawrence. Tragardh (1905), in addition to describing several 
new forms, published valuable notes on the structure and development 
of the species he encomitered. Hirst (1926) redescribed and figured many 
imperfectly known forms and placed the taxonom^^ of the group on a sound 
basis. Lawrence (1935 and 1936) reported upon a large collection of 
Pterygosomids parasitic on vSouth African lizards. This author being in the 
unique position of having a nearly complete collection of this group from a 
definite zoo-geographical region, contributed valuable information on host- 
parasite relationships in the Pter3^gosomidse and described three new 
genera and several new species. 

Indian Pterygosomidae are, as yet, only very little known. Hirst 
(1917) described Geckobia indica as occurring on Hemidactyhis gleadovi in 
Upper Sind. In a subsequent paper (1926) he described another species, G. 
gleadoviana, from the same host and three other species, G. diversipilis, G. 
simplex, and G. hindttstanica, from the South Indian lizard, Hemidactyhis 
leschenaiiUi. In the same paper this author recorded the occurrence of what 
he considered Pterygosoma neimianni (Berlese) on the garden lizard {Calotes 
versicolor) from Madras. 

The present paper deals with the Pterygosomid parasites of the common 
wall lizard, Hemidactyhis flaviviridis Ruppel and the garden lizard, Calotes 
versicolor (Daudin) of the Punjab. Nearly one hundred living specimens 
of the wali lizard were examined in Lahore during the past three 
summers and a few at Kasur and Hissar in the summer of 1936. Not a 
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single wall lizard captured in these three towns was found to be free from 
the two species of Geckobia described below. A dozen wall lizards examined 
at Khanewal (Western Ptmjab) in August 1937, however, did not show 
an}^ Pterygosomid parasites. This is in conformit}^ with Lawrence's 
experience (1936) witli the acarme parasites of South African Geckonidse, 
as he states that ‘a number of individuals from the same locality are either 
all positive or all negative for parasites'. 

Only twent3^-four specimens of the garden lizard C. versicolor were 
examined at Lahore and two at Hissar ; all of them were found to harbour 
Pter3'gosomids. 

II. Mites parasitic on Hemidaciylus flaviviridis Ruppee 


I. Geckobia orientalis, sp. uov. 


Female, — Bod3^ usualty a little broader than long. Dorsal hairs of 
more or less uniform size (the anterior ones a little shorter), slender and 
distinctly plumose. Dorsal scute lightly chitinised ; eyes present. Peri- 
pheral hairs stout, long and plumose. Ventral surface with hairs similar 
to those of the dorsal surface and eventy distributed all over the under 
surface, except the mid-ventral iiart whidi is almost bare. 

Mouth parts some- 
what elongated; dorsal 
hair on the second 
palpal segment slender 
and plumose. 

Legs gradually in- 
creasing in length, 
from the first to the 
fourth, but not in 
thickness. Trochanters 
of all legs . provided 
with an incrassate hair 
on the antero-ventral 
side which is thin and 
simple on the first, 
leg and pectinate on 
a pectinate incrassate 
hair anteriorly and that of legs P and II bearing a simple hair. Coxse and 
coxal spurs as in P'ig. I. 

Dimensions. — Length of idiosome 0.307 mm., bieadth 0.324 . mm. 

Male. — Bod3^ a little broader than long. Dorsal surface as in Fig. 2. 







Pig. 1. Geckobia orientalis j sp. nov., female, dorsal view, with 
coxae highly magnified (.shown separately). 


others. Femora of legs III and IV provided with 


■ t" 
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The dorsal scute slightty more heavily chitinised than in female, bearing 
five pairs of slender, plumose hairs and shaped as in Fig. 2. vSpicule (penis) 
0.103 mm. long, almost straight, with ti]D usually protruding backward 
from the genital aperture situated in the middle line and a little in front 
of the posterior margin on the dorsal surface. Dorsal and peripheral hairs 
uniformly long and finely |)lumose. Ventral surface , with plumose hairs 
increasing in length from front backwards. 



Mouth parts similar to those of the female but with first palpal segment 
comparatively much longer. 

Legs increasing in length from the first to the fourth but without 
incrassate hairs on 2nd and 3rd segments as in the female. Posterior com- 
mon coxae with only four thickened hairs (coxal spurs), two corresponding 
to each of the third and fourth legs. Anterior common coxa with tw^o 
thickened and two simple hairs as in the female. 

Dimensions. — Length of idiosome 0.174 mm., breadth 0.197 mm. 

Location. -r—BdiWQQ.n the claw and foot-pad of the host. 

Disiribiition. — Central and southena Punjab (Lahore, Kasur and 
Hissar). ... 

In mau}^ respects, this species resembles Geckobia simplex Hirst, but 
differs from it in having a plumose and much more slender seta on the 
second palpal segment (‘first free segment' of Hirst). The mouth parts 
are also somewhat more elongated than in G. simplex. From Geckobia 
gleadoviana Hirst, this species differs in the shape of the dorsal scute and the 
presence of a thin simple anterior seta on the femur of the first leg, instead 
of a pectinate incrassate hair figured by Hirst (1926) for that species. 

2. Geckobia kasurensis, sp. nov. 

Female. — Bod}^ broader than long. Dorsal surface with hairs as 
shown in Fig. 3, A ; hairs on the dorsal scirte uniform in size and distinctly 
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plumose * but those on the rest of the body increasing in size from scute 
backwards. Peripheral hairs stout and long with blunt tips and hardly 
plumose. Dorsal scute shaped as in Fig. 3, A and bearing 15-17 pairs of 
short, plumose setse. Ventral surface almost entirely covered in the middle 
with flattened scale-like pointed hairs (Fig. 3, C-E), the latter tending 
to become somewhat C3dindrical towai'ds the sides and lanceolate posteriorly, 
most anterior row of hairs as in Fig. 3,C. 

Mouth parts normal ; dorsal seta of the second palpal segment short, 
stout and plumose. 



Fig. 3. Geckohia kasurensis, sp. nov., A, female dorsal view ; B, coxa? ; 
C,D,E anterior, middle and posterior hairs on the ventral surface. 


Eegs progressive^ longer from the first to the last. Trochanters 
of all legs bearmg antero-ventrally a hair, which is simple and slender on leg 
I arrd stout and pectinate on others. Femora of all legs bearing an anterior 
hair, which is thur and simple on the first three legs and pectinate on the 
fourth. Coxae and coxal spurs as in Fig. 3,B. 

Dimensions . — Length of the idiosome 0.432 mm., breadth 0.504 mm. 

Male. — Body spherical or a little broader than long. Dorsal surface 
with a few finely plumose hairs as shown in Fig. 4. Dorsal scute distinct, 
shaped as in Fig. 4. bearurg five pair's of short, plumose hairs. Spicule 
0.105 mm. long and curved. Ventral surface with plumose hairs quite 
small in front but increasing in length backward. Mouth parts as in 
female. Legs increasing in length from first to fourth. Trochanters and 
femora without antero-ventral incrassate hairs as in female. Coxal hairs 
similar to those in the male of G. orientalis, 
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Dimensions, — Length of iciiosome 0.252 mm., breadth 0.27 mm. 

Location, — Found all over the body of the host, particularly behind 
the shoulder, on the flanks, legs and tmder the ventral scales. 










Fig. 4. Geckobia kasureiisis, sp. nov., male; dorsal view. 




Distribntion, — Central and southern Punjab (Kasur, Lahore and 
Hissar). 

This species comes nearest to Geckobia hindnstanica Hirst, from which 
it can be distinguished on account of a much smaller number of hairs on 
the dorsal suiface of the body and the absence of the incrassate plumose 
hair on the third femur, figured b}' Hirst (1926, Fig. ii). 

3. Pimeliaphilus sharifi/'' sp. nov. 

Female, — Body sub-rectangular in shape, somewhat narrower in front. 
Dorsal surface with thirteen pairs of long, slender plumose hairs, three pairs 
of them being situated on the dorsal scute and one pair on the antero- 
lateral border ; arranged as in Fig. 5. Dorsal scute shaped as in figure, 
with anterior pair of hairs being smaller than others. E3^es present. 
Ventral surface with a pair of slightty plumose hairs behind the posterior 
common coxae and two pairs of short simple hairs around the anal field. 


* Named after Pr. M. Sharif, the well known Indian acarologist. 
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Fig. o, Pmeliaphilus sharifi, sp. noY., female; 
dorsal view. 


Month parts forming a conical 
mass ; second palpal segment with 
a dorsal, flattened, blade-like, finely 
plumose hair. 

Legs long and slendm, with 
ntimerons plumose hairs. Fusion of 
the coxse not complete, with a fine 
suture between the two compo- 
nents of each common coxa. 

Dimensions. — Length of idiosome 
0.804 mm., breadth 0.633 mm. 

Location. — Hind legs and flanks 
of the host. 

Distribidion. — Central and south- 
ern Punjab (Lahore and Plissar). 

Male. — Unknoum. 

This species differs from all the 
other known species of the genus 
Pimeliaphilns in the shape of the 
dorsal scute and in the arrangement 
of the dorsal hairs. 


III. Mixes parasitic on Calotes versicolor (Daudin) 

I. Pterygosoma neumanni (Berlese). 

1910. Geckobia neumanni, Berlese, Redia, 6 : 347-48 

1925. Geckobia neumanni, Berle.se, Gli Insetti, Milano p. 96 

1926. Pterygosoma neumanni, Hirst, J. Linn. Soc. (zool.), 36 : 139 

Berlese (1910) described a Pter3^gosomid parasite of Agama colonornm 
from Senegal under the name G. nenmanni, but his description was meagre 
and un illustrated. Later in 1923, he published a figure of the female of 
this species, in which, among other characters, he showed fourteen 
peripheral hairs on either side of the anal field. Hirst (1926) redescribed 
this species from sfoecimens which, he considered, belonged to this species, 
and obtained from the same host {Agama colonornm) in Somaliland and from 
Calotes 'versicolor in Madras. He rightty placed, this species in the genus 
Pterygosoma Peters. In his figure of the female he has showii 21-22 peri- 
pheral hairs on either side. In the material before me there are specimens 
with 12-14 peripheral hairs, collected from two garden lizards (C. versicolor) 
at Hissar in the summer of 1936. A large number of specimens collected 
from twent3^-four lizards of the same species at Lahore, however, show 
20-25 peripheral hairs on either side. No specimen with an intermediate 
number of hairs was found. Lawrence (1936) used variation in the number 
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of peripheral hairs as a character for differentiating related species. But in 
view of the close similarity between the forms with 12-14 20-25 hairs 

in other characters and their presence on the same hosts both. in India and 
Africa, I consider them onty varieties of the same species. Typical Pierygo- 
soma newnanni (Barlese) is, therefore, the form the female of which has 12-14 
perijDheral hairs on either side and occurs on A. colonorum in vSenegal and 
on C. versicolor in Hissar (Punjab). The form described by Hirst, the female 
of ^^lich has 20-25 peripheral hairs on either side and which occurs on 
A. colonorum in vSomaliland and on Calotes versicolor in Madras and Lahore, 
is a new variet}^, which I propose to name as Pterygosoma neitmanni var. 
hirstielli. 

2. Pterygosoma neumanni var. hirstielli, nov. 

Hirst (1926) described and figured only the female of this variety. 
In the material before me there is a male which was found under the scales 
of the tail of a garden lizard at Lahore. 

Male. — Body sub-triangular with romided angles, broader than 
long. Dorsal surface with a few hairs (Fig. 6), onh' three on the 
postero-lateral border of each side, the anterior two being pointed and 
the posterior one flattened at its tip. Spicule (penis) 0.176 mm. long, 
shaped as in I'ig. 6, anterior^ directed (not posteriorhv directed as in 
P. hystrix Lawrence and P. bicolor Lawrence). The V-shaped chitinous 
structure enclosing the 
penis, described b}- 
Lawrence for the two 
above-named species, 
absent. Genital opening 
situated in the median 
line in front of the 
middle of dorsal surface 
and flanked on either 
side b}^ two anterior^' 
diverging prominent li|)s. 

Ventral surface with a 
few simple hairs. 

Mouth parts and legs 
resembling those of 
female. ^ 

Dimensions. — Length 
of idiosome 0.36 mm., 
breadth 0.504 mm. 

Location. — Under the scales aU over the body. 

Distribution . — Cen tr al Punj ab (Lahore) . 



Fig. 0. Pterytjof^oma neiunanni var. kir.stieUi, nov., male; 
dorsal view. 
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I. Introduction 


The following notes, which do not pretend to be more than fragmentary 
records, are intended as a contribution towards a knowledge of the general 
biology of the Ceylonese termites of the family Calotermitidee, several species 
of which are of great economic importance in the island. Included herewith 
are also general observations on the biology of Isofitera and a few of the 
biological problems whicli are associated with this group of insects. 

Termites are social insects, which live in large colonies or communities 
in the tropics and to a lesser extent in the warmer temperate regions. On 
account of the enormous losses caused b^^ their attacks to wooden structures 
and living trees and shrubs, the}^ are of ver^^ considerable economic import- 
ance,. while to the biologist their habits and econom3^ as in all social 
insects, present man^^ fundamental problems of far reaching consequence. 
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The stud}" of this most interesting and fascinating group of insects is, 
therefore, not onl3" of considerable practical value but is also of the greatest 
scientilic interest. 

Although poiiularly known as ‘hvdiite-ants”, termites are neither related 
to true ants, nor are they ahva3's white. In structure and develoinnent, 
these primitive insects differ widely from the true ants, which belong to one 
of the most specialized of insect orders. But the social organization of these 
two wideh" separated groups is sinular in that both form large colonies, 
both displa}- highh" developed social instincts and habits and both exliibit 
a striking potymorphisni and most advanced appreciation of the division 
of labour. 


II. Classification 

The termites constitute a distinct insect order, the Isoptera. The}’^ 
are most nearl}^ related to cockroaches, belonging to the order Orthoptera. 

The Isoptera, according to Plolnigren (1911a), ■ whose classification 
is the one generally accepted b}^ s^^stematic workers, is divided into four 
families : Mastotermitidai, Protermitidie, Mesotermitid^e and Metatermi- 
tida. But as Banks and vSn^nler (1920) have pointed out, these names, 
excepting the Mastotermitidee, are unacceptable according to International 
Rules of Zoological Nomenclature and should be replaced b}^ Calotermitidse, 
Rhinotermitidae and Termitidee res^Dectivety. Recent workers (vSjostedt, 
1925 and others) also recognize a fifth faniity, viz., Hodotermitidse, formerty 
included in the Calotermitidae. 

As regards genera, there has been a good deal of confusion. Some 
of the large genera, such as Caloteniies, were considered to contain subgeiiera, 
which resulted in tripartite names. The opinion of most modern authorities 
is that most of these subgroups are sufficient^ characteristic to be elevated 
to generic rank and this S3^stem has been ado^ited in the present paper, 
following Kenmer (1934) andlfight (1930). The genera of Calotermitidas re- 
presented in Ce3don are : Calotennes, Neotennes, Cryptotennes (with the 
subgenus Planocryploiernies) , and Glyptotennes. 

III. Genkral observations on the biology of Isoptera 

Before proceeding to a coirsiderationof thebiolog3^oftheCalotermitidae, 
it is desirable to make a few introductory remarks upon the biology 
of termites in general. 

A termite colon3^ is general^ established b3^ a pair of winged adults, 
or the so-called ‘'Ro3ml pair''. These forms emerge from the parent nest 
at certain seasons of the year, generall3r the ram3^ season, in large numbers. 
After a brief dispersion-flight, they alight on the ground, trees or on 
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wooden structures, according to the habit of the species. The males and 
females pair, break off their wings (sometimes before jDairing) along a humeral 
suture adapted for the purpose, and select a suitable place on the ground 
or in wood in which they excavate a cavity for their nest. At the time of 
swarming, a ver^^ heav37' mortalit^^ of the insects occurs. The}^ are greedily 
devoured b}^ birds, bats, lizards, frogs, cockroaches, and other animals 
and only a ver^^ few survive to found new colonies. The function of the 
winged forms is thus the iDerpetuation of the species by dispersal. 

After first pairing, the female (called ‘queeiff) starts la^dng her eggs 
in the nest, within which the pair remain, mating taking place at irregular 
intervals. When the eggs hatch, the parents tend the offspring until such 
time as the 3^ouug (commonly called ‘‘workers'') can look after themselves 
and take over these functions as well as other duties, such as the building 
of the termitarium, which, in some species attains an enormous size. On 
account of their cryptic habits of life, termites live in darkness. In the species 
which nest in the soil, the queen, owhig to a process of post-metamorphic 
grouffh, attains an enormous size, about six times her original dimensions 
(Figs. 1-6). In the primitive termites, however, she undergoes very little 
or practical^ no change (Figs. 7-16). The males midergo very little 
increase in size. 

Termites undergo an incomiolete metamorphosis. From the eggs 
laid hy the “queen" the young hatch out and develop into various types 
of adults or castes, each of which has a special function to perform for the 
welfare of the community. In a t3qpical termite society, the castes met 
with are : 

(a) The “workers" (or young), in which both sexes are represented 
and which are resjDonsible for the work of the colony. They look after 
the eggs and 3mung and, in the most highty developed species, the reproduc- 
tive pair also. The3^ forage for food, build the nest and perform other duties. 

(b) The “soldiers", easily distinguished hy their dark chithious 
heads, are usually furnished with powerful mandibles, used to defend 
the colon3^ against enemies ; the soldiers of some species employ 
other means of defence as well. This sterile caste is also represented by 
both sexes. 

(c) The reproductive forms consist of two types : winged adults 
and wingless neoteinic adults, the latter bemg- either apterous or brachyp- 
terous. Neoteinics appear hi colonies orphaned b3^ the death of the “royal 
pair" or in subsidiary colonies. They are adults, whose sexual organs have 
become prematurely developed, that is, before attaining the winged- state. 
The biology of these castes will be referred to later. 

The food of termites consists chiefly of cellulose-con taming material 
and hence these insects are destroyers of wood, living or dead, paper, 


clothing, etc. They may also attack materials or animal origin siici 
leather. vSome species, which nest in the soil, also grow fungi for consu 
tion the ^mting and the '‘myol pair''. They also feed on the fi 

matter ejected by the members of the coloity, their exuviae and on 1: 
dead or d 3 dng fellows. A common and readity observable feature in 
economy of termites is Trophallaxis' or reciprocal feeding. Each ten 
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111 aU termites except those of Termiticte, the intestines harbour 
vast numbers of protozoa. These are regarded as S3mibionts, useful in 
digesting the wood eaten b3^ the termites. Cleveland (1924) demons- 
trated that termites deprived of their protozoa soon die of starvation. 

IV. Thk biology and economic importance of the Ceylonese 

Calotermitidae 

The famity Calotermitidse contains forms less highty specialized 
than those of the families Rhinotermitidas and Termitidse. In the last 
two groups, a well-established colon3^ is of large size, with a population 
amounting to hundreds of thousands of individuals, while the number of 
members of a colon3^ of Calotermitid^e is usuall3^ limited to a few hundreds. 

Members of the Calotermitidse do not nest in the soil and hence are 
referred to as 'bion-subterranean termites'’. Veiy recentty, however, 
an exceptional case has been recorded hy Right (1937) where Calotermes 
{Paraneotermes) simpUcicornis (Banks) has been, found to nest at, or near, 
the wood in the soil. In this respect the species is unique, as no other 
species of Calotermitidae being known to nest in, or travel through, the soil. 

Species of Calotermitidee construct no true nests or terniitaria but 
inerety excavate series of longitudinal galleries in logs, dead, d3dng, or livmg 
wood3^ plants or in, dressed timber. With the exception mentioned above, 
the3^ do not travel through the soil but ma3^ migrate from one tree or piece 
of timber to another, provided that the roots or pieces of timber are in con- 
tact with the infested material. Thus, the3^ neither build motmds nor 
(except Paraneotermes) coiivStruct earthen shelter-tubes to travel in, as 
most of the soil-nesting species do. The Calotermitidse, however, with the 
aid of their saliva and liquid faecal matter utilize particles of wood and 
excrement to seal up openings to their galleries. 

Kalshoven (1930) records that in artificial colonies, Neotermes tectonca 
Damm. forms short galleries (runwa3^s) of excrement on the outside of the- 
wood the insects inhabit, and Right (1937) records the construction of 
earthem nmways by the unique Paraneotermes. 

Representatives of the Caloterniitidae nest in wood and there is no 
outward manifestation of their presence except in the case of the dr37'- wood- 
nesting species which expel their faecal pellets from their galleries. 

In the so-called “queens”, or reproductive forms, of the Caloterniitidae 
there is practicaltyno post-inetainorphic grovdh and consequentty the3^ do 
not attain the great size of the females of the higher termites. Their brown 
colour also persists, whereas in the higher forms the much distended abdo- 
men is white, except for the small brown, abdominal seginentaiy markings. 
The “royal pair” is free to move about m the nest and not imprisoned in a 
cell as in the higher forms. 
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A Calotermitid ''queen'' l^iys comparatively fewer eggs. The youngs 
which hatch out from these eggs develop either into reproductive adults 
or sterile soldiers. Thus, there is in this group of termites no true worker 
caste, the communal functions of the workers being undertaken by the 
immature forms. 

In nature, members of the Calotermitidse feed exclusively^ upon wood. 
They inhabit moist, or dry, dead wood or living woody^ I)lants. They also 
can subsist on othex cellulose-containing material, such as paper, cotton, 
clothing, etc. Their intestines abound with protozoa which aid in the 
digestion of such materials. The insects void characteristic faecal pellets 
and also liquid faecal matter. The pellets are minute, sand-like grains 
of uniform shape, being laterally^ inipi'essed, oval and hexagonal in transverse 
section. Their colour varies according to the wood upon which the insects 
have fed but is generally^ a pale cream. The pellets are found in the termite 
galleries and chambers and when in excess are ejected from them. Accu- 
mulations of such expelled feecal xrellets are commonty seen beneath the 
wood infested by^ the dry^-wood-nesting species. But in species which irest m 
dead moist wood or living plants, the faecal j^ellets are not so readily^ seen as, 
owing to their moist snrroimdings, most of the pellets disintegrate and are 
converted into an earth-like 2:)owder which often cakes into hard lumi)s. 
Moreover, much of the faecal matter of these insects is liquid. In the case 
of tea bushes attacked by^ Neotennes militaris Desn., the main cavity formed 
by^ the insect is usually^ packed with this eardhy^ matter into which adventi- 
tious roots sometimes find their way^ 

To the time of writing there have been recorded from Ceydon fourteen 
species and one variety of Calotermitid ae, representing foirr genera (formerly^ 
regarded as subgenera) and one subgenus. Most of these species have been 
discovered in recent y^ears and five of them and one variety^ await descrip- 
tion. Many of the species are of considerable importance as they^ are very 
destructive to livmg plants of economic value, particularly^ tea [Camellia 
sinensis), and to building woodwork, furniture and any^ article in which 
wood is emjDloy^ed. In addition to the damage caused to dressed timber, 
the dry^- wood-nesting termites, whose injury in Ceydon has until recently^ 
been confused with "dry-rot", have' also been suggested by Jepson (1933) 
to be a possible factor in the etiology^ of sprue. This hyqDothesis, although 
supported by much circirmstantial evidence, awaits confirmation. 

In the following pages are recorded all the species of Calotermitidse 
so far knorvir from Ceydon, with very brief notes on habitat, economic 
imiDortance, distribution and other items of interest. Detailed accormts 
of the more important ecoirornic species, accompanied by observations 
on biologyq have appeared in various local publications (Jepson, 1926-1936 ; 
Hutson, 1929-1933 ; King, 1937). 
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Genus Calotermes Hagen, 5. str. Banks 

Tlie s^Decies of Calotermes usually inhabit tree stumj)S or dead wood 
of living trees and ma3^ also occasional!}^ attack the living tissue. A few 
of them {e.g,y C. fninoi\ C. htthbardi) are knovm in the United States to attack 
dressed timber, causing damage similar to that of other diy-wood-nesting 
termites. 

C. pintoi Kemner 

Kemner described this species in 1932. It is the first, and so far 
the onty, record for this t3’pical genus either from India or Ce3don. Only 
three other species are reported from the Oriental Region, one b}^ Plolmgren 
from the Celebes and the other two b}^ Right (1921, 1930) from the Philip j)ines. 
Several sj)ecies, however, are knovm from the Nearctic Region. 

C. pintoi has been discovered once only at Talawila, near Puttalam 
(sea level), a naturally arid area with a sparse xeroph3dic flora. It was 
found inhabiting a small rather diy, dead tree stump, buried in the 
sandy soil. The insect had excavated long and narrow galleries in the wood^ 
which was thus extensive^ riddled. The number of insects in the colony 
was not ver}^ large but all stages, including alates, were collected. 
Although of special academic interest, this species cannot be regarded 
as of economic importance at the present time. 

Genus Neotermes Holmgren 

This genus contains two local representatives, both of which are 
important primary pests of livmg woody plants in Ceylon . They, in common 
with most termites, are extreme^ potyphagous, being associated, according 
to present records, with at least 43 different food-plants belonging to several 
Natural Orders. They are familiar in Ce3don as very serious pests of living 
tea bushes. 

The insects do not readity kill the plant the}^ infest, since onty the 
heart-wood is devoured, the saj) wood usualty remaining unattacked. 
The plant may survive for many 3^ears followmg the original infestation 
without any external indication of attack but gradually it is eaten out, 
a mere shell remaining, vdiich also finally succumbs to the attack. The 
havoc wrought b}^ N. militaris on some tea estates is enormous. 

N. greeni Desneux 

This species was described in 1907 by Desneux from material collected 
from tea at Peradeni}^ (Ce3don). 

It excavates an extensive system of moderately large longitudinal 
galleries in the wood it attacks. Seldom does its attack extend below 






Biology of Ceylonese CalotermitidcB 


grotincl level. The commonest liost-plant of this species is Grevillea robusta. 
Of the 30 known host-plants of this termite, the following are the more 
important economic trees: Artocarpus integri folia (jak), Anacarcimm 
occideniale (cashew nut), Camellia sinensis (tea), Hevea hrasiliensis (rubber), 
Mangifera indica (mango), Michelia champaca [sapii), Nephelvum lappaceum 
{rambutan) and Pithecolobium sammi (rain tree). 

The insect has a very wide distribution in the island and has been 
collected from sea level up to about 5,000 feet elevation. Though widely 
distributed, it is not so destructive as the other local species of this genus. 


N. militaris Desneux 


This insect has been known as a pest of tea as far back as i8go 
(Jepson, 1927) although it was first described b^^ Desneux only in 1904. 

It is the most destructive termite of living tea plants in Ceylon. 
It hollows out the stem and branches of the plant it infests including roots 
and even rootlets. (Figs. 17, 18). In the case of attacks of long standing, 
often only an external shell of the plant remains. In addition to tea, 
it has been found to attack 17 other plants, important of which are the 
following : Acacia sp., Cedrela toona, Crotalaria anagyroides, Cinnaniomtm 
camphor a (Camphor), Erythrina lithosperma (dadap). Eucalyptus sp. and 
Grevillea robusta. 

The insect chiefl}^ occurs at altitudes of from 3,500 to 4,500 feet. 
The chief sphere of its activity is the Maskeli^m, Tindula and Talawakele 
districts, but there are a few records of its sporadic occurrence in Dimbula, 
Watagoda, Pundaluoya, Kadugannawa (1,750 ft.), Madulkele, Rangala 
and Deni^m}^. 

The termites ver}" commonh- attack the roots and rootlets of tea 
bushes and through these they invade adjacent bushes if the roots of sound 
bushes are in contiguity with the infested ones. The insects also gain entry 
to tea bushes and other trees in the winged stage through dead snags, 
wood-rot cavities, etc. It is not unusual to find colonies of from 3,000 
to 4,000 individuals in a single tea bush. 


N. militaris ab. imidentatus Kemner 
Kemner (1926) provisionally described this form from a single soldier 
found among specimens sent to him for determination. vSince the duplicate 
soldiers retained in Ceylon do not differ from niilitaris, the one specimen 
described may be regarded as a “ freak' b The specimens were obtained 
from a tea bush at Bogawantalawa at an altitude of 4,200 feet. 


Genus Cryptotermes Banks s. sh\ 

Six species of Cryptotermes have so far been recorded from Ceylon ; 
five of these have yet to be described. 
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Species of the genus Cryptotermes nest in dry wood and most of them, 
on account of the extensive and widespread injur^^ the}^ cause to building 
woodwork, furniture, etc., are domestic pests of considerable economic 
importance. They excavate small elongated galleries in the wood they in- 
habit and their presence would not be suspected but for the accumulation 
of the expelled fsecal pellets beneath the wood they infest. They prefer 
soft to hard wood. 

The members of a colon}^ of Cryptotermes are ustialty small in number 
but it is not uncommon to find several distinct colonies in a single small 
piece of wood and even two different species in close proximity to each 
other. The soldiers of these species are very characteristic, having dark 
heads truncated in front and sometimes referred to as being of ''bull dog” 
shape (Figs. 19-28). Their number in a colon^^ is usuall3^ very small, more 
so than in the other genera. 

The insects have a veiy wide distribution in Ce3don from sea level 
to nearty 6,000 feet, but they are most commonly met with at elevations 
below 3,000 feet. 


C. perforans Kemner 

C. perforans, which Kemner described in 1932, is the commonest 
member of this genus. It is ver3^ prevalent at altitudes below 2,000 feet 
but search at higher altitudes is almost certain to reveal its presence there. 
It has usualty been collected from dressed timber, but on one occasion 
a wingless imago and a few larvae were collected from a dead branch of 
Eugenia jambolana {ina-dan) at Talawila, near Puttalam. 

C. angiilatus Kemner (MS)* 

There is only a single record of this species collected from the woodwork 
of a tea factory at Balangoda about 1,500 feet above sea level. 

C. brachygnathus Kemner (MS)"^ 

This species was obtained at Talawila from Mimiisops hexandra 
{paht) the wood of which is very hard. The winged adults had gained 
entry through a dead and dr3^ snag of the tree. The insects were mostty 
confined to the dead wood although a few were observed to have penetrated 
to the living tissue. 

C. ceylonicus Kenmer (MS)* 

Sj)ecimens of this termite have been collected from living trees and 
sawir timber. At Peradeniya (elevation 1,500 ft.) it was found (uacluding 

* Descriptions of Kemner’s species referred to here have not yet been published and 
my notes are in no way intended to establish the specific names. 
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alates) in Ficus altissima in both dead and live wood. Diospyros 
insignis {gona) was found to harbour the insects at Chilaw (sea level). 
The}’' were mostly found in a dead and diy snag but some were feeding on 
live wood. At Paiyagala, near Kalutara, a single imago was obtained 
from sawn timber. 



Figs. 19 — 28. CryiJtotermes sp. 


19. eggs ; 20. young larva ; 21. full-grown larva ; 22. nymph with long wing-pads ; 23. winged 
adult; 24. right fore-wing of adult; 2S. right liindwing of adult; 26. .soldier; 27. head 
of soldier in profile ; 28. f^cal pellets. (After Jepson) 
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C, lignarius Kemiier (MS) 

This species has been taken only once when a winged adult was 
attracted to lamplight at Hakgala at an elevation of 
evidentl^^ a rare species. 


C. tectus Kemner (MS) 

This vSpecies has been collected on two occasions in Colombo (sea level) 
infesting a Doonci zeylanicci [dun) beam and venesta boards. Soldiers as 
well as alates of this sx^ecies have been collected. 


Subgemis Planocryptotermes Light 

Light (1921) elected the genus Planocryptotermes for the recex)tion 
of the Philippine species nocens. Later (1930), after further study he, 
however, considered this to be of subgeneric status only. The subgenus 
is rejpresented in Ce3don b}" a single s^iecies, C. primus (Kemner), described 
in 1932. Light (1937a) regards this sx:)ecies, together with his species nocens, 
to be S3mon3unous with C. [Planocryptotermes) dudleyi (Banks). 

C. primus is the commonest and hence the most destructive dr^-wood- 
nesting termite in the island. It has been recorded at altitudes var3dng 
from sea level to 5,700 feet, but it is apparently more prevalent at elevations 
below 2,000 feet. Its habits are t3'X)ical of those of sjDecies of Cryptotermes 
and it is the largest of the local diy-wood-nesting termites. 

The number of individuals in a well-established colony is somewhat 
larger than in colonies of other Ce3donese diy- wood-nesting termites. It ma3^' 
be of interest to record that in a X)iece of Melia diibia, [hmumtdella) timber 
24 X 6" X 1", which was riddled by these insects, 1,662 larvse and n3anphs, 
12 soldiers, 7 winged adults, 181 eggs and a dealated j)air were present. 
As the number of individuals in a colony is not usualty so great, it is not 
possible to state that the individuals in this coloiy?- were the progeny of the 
single dealated pair. It is not uncommon to encounter several colonies very 
close to each other in a small x^iece of timber. 


Genus Glyptotermes Froggatt 

The habits of the sx^ecies of Ceylonese Glyptotermes are very similar 
to those of Neotermes greeni referred to earlier. They attack dead and living 
Xolaiit tissue and one species, G. dilatatus, is a vveh Imovm pest of tea 
in the island. Four species and one variet3’ of this genus are known in 
Ce3don, of which the variet3’ is 3^et to be described. 
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G. ceylonicus Holmgren 

This termite was original^ described from specimens collected at 
Peradeniya from deca^mig logs and branches (Holmgren igiib). It is 
evidentty not a common species. It has been recorded as infesting a de- 
ca3^ed log and a diseased Hevea (rubber) tree at Peradeni^m (1,500 ft.) 
a Hevea tree at Passara (2,500 ft.) and an Acacia at Hewaheta (2,000 ft.). 
The damage it causes takes the form of an extensive system of longitu- 
dinal galleries which are confined to the stems and branches of the attacked 
trees. 









G. ceylonicus var. cylindricus Kemner (MvS) 

Only a single record of this form is available. The colony was fonnd 
at Elpitiya (abont 500 ft.), severety infesting a dead Hevea tree. 

G. dilatatus Bngnion & Popff 

The original description of this species b3^ Bugirion and Popoff (1910) 
was based on sjoecimens collected on tea at Ambalangoda. It excavates 
longitudinal galleries smaller than those constructed b^^ Neotermes 
greeni. The^^ ''form a network of communicating tunnels giving the wood, 
in longitudinal section, a honey-combed apj)earance'' (Big. 29.). 
The attack rarety extends to the roots. In addition to tea, of which it is 
a very impoidant pest at mid-elevations, the termite has been found to 
injure 15 other plants : Artocarpiis integrifolia (jak), Cojfea rohusta (coffee), 
Erythnna lithospenna (dadap), Caryophylhts aromaticiis (clove), Hevea 
brasiliensis (rubber), Moringa oleifera [immmga) and Theobroma cacao 
(cacao). 

The distribution of the insect is restricted to elevations below 2,000 
feet. As a pest of tea it is most common^ found in the Kelani VaUey 
district. From an economic standpoint, G, dilataUis is the most important 
of the local Glyptotermes species. 

G. jepsoni Kemner 

This is a characteristic species, recent^ described b}^ Kemner (1932), 
K the distribution of which, so far as present records go, is restricted to 
Maskeltya and Pundaluo^m (elevation 3-4,000 feet). 

Tike other species of Glyptotermes it hollows out longitudinal galleries 
in the wood it infests. It shows a partialit3^ for dead and deca3dng wood 
but living tissue is not neglected. It has been found infesting unidentified 
jungle tree stumps, those of Doona zeylanica {dim), and also dead and live 
wood of Albizzia species, Cedrela toona {toona) and Syzyghtm gardneri. It 
has not been found attacking cultivated crops and is not of economic in- 
terest at the moment. The attack is usually confined to portions above 
ground but in one instance the insects were found in a tree stump below 
groxmd level. 



G. minutiis Kemner 

This species was described b3^ Kenmer in 1932. It has been 
collected on two occasions only at Peradeniya (1,500 ft.). In one case, 
the small insects were tunnelling small galleries in the dead wood of a branch 
of Pithecolobiim saman (rain-tree). In the other instance, the insects 
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were found attacking sound ^vood of a Cupressus knighttana, an ornainenta] 
conifer. The vvinged form of this species is at present unknown. 


Y. The biology of the castes of Calotermitidae 

In spite of the very extensive and valuable contributions which have 
been made, b}^ many talented and distinguished workers, to our knowledge 
of the biolog3’ of termites, much remains to be known. The habits of termites 
are such as to render it almost impossible to follow accurate^ the ontogen}^- 
of an individual to the adult state, for when removed from its fellow members 
it fails to survive. Even the eggs, which are often licked and transferred 
hither and thither in the nest b^^ the insects, do not hatch when isolated. 
The complex social life of terniites, with its potymoriDhic trapes and their 
varied behaviour and occurrence under different conditions, present man^^ 
biological problems which are at present little understood. It is jirobable 
that if the habits and social organization of these most interesting insects 
were better known, the primitive termite would be regarded as the most 
interesting member of the insect world — more interesting even than the 
much studied and highly specialized ant or bee. 


Breeding of Calofermiiidce 

The chief difficulty in the .stud}^ of termites has been to maintain 
them alive in the laboratoiy for long periods in such a wa}^ as to render 
regular observation possible. Other investigators (Haviland and vSharp, 
1896; Grassi and vSandias, 1893-94 ; Bugnion and Ferriere, 1911 ; Sn3^der 
1915, Imms, 1919 RHd Kalshoven, 1930) have kept these insects alive in 
captivity for fairly long periods, but their methods were not quite suitable 
for the breeding of species of Neoiernies and Glyptotermes. After repeated 
attempts, a technique w^as devised by Jepson which made it possible to 
rear these termites with ease and to keep them alive for indefinite periods. 
The dr3^-wood-nesting species can easily be reared in glass tubes provided 
with a suppE of their food material. These methods are brieflr^ described 
below: 

Breeding of moist-wood-nesting termites .—In the breeding of these termites, 
it was found that an essential factor was the regulation of moisture admitted 
to the breeding medium. 

In the earlier experiments the bottom of a large test tube was drawn 
out and the capillar}^ tube so formed carefull}^ snapped off leaving a small 
aperture. The basal inch of the tube, including the capillary portion, 
was then packed fairly tightly with absorbent cotton-vvool. The rest of 
the tube, to within one inch of the top, was filled with firmly packed and 
moistened Sawdust of the wood of the host-plant of the particular 
species of termite which was being reared. A hole, i/i6th inch in diarneter 
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and one inch deep, was then formed with a fine rod in the packed 
sawdust alongside the inner surface of the tube. The insects from which 
it was decided to breed were then allowed to enter the hole and the tube 
was finally plugged with a cotton-wool, care being taken to keep the 
cotton -wool clear from the top surface of the packed sawdust. 

It was later found more convenient and equally efficient to employ 
large-sized adapters (straight form) in place of test tubes. 

The tube, or adapter, is placed in a glass beaker containing a small 
quantity of water, the level of which depends upon the length of the capil- 
lary portion. The aim is to allow the cotton-wool to absorb the required 
am mint of moisture from the containing vessel, without making the saw- 
dust too moist. The level of the water should be maintained by additions 
as required and under no circumstances should the water be allowed to 
evaporate completely. Where several tubes are in use they may be placed 
in test tube racks with the capillarj^ ends in shallow troughs of water. The 
tubes should be kept in a dark place as this allows the developing colonies 
to work freely in the sawdust medium against the inner surface of the 
glass container where they can be observed. If kept in the light, the 
insects work in the centre of their food supply where they cannot be 
watched. 

The less disturbance the insects receive the better, and the sawdust 
should not be probed or otherwise moved. If fresh food is required it 
should be added carefully, so as to cause no damage to the insects. 

If the insects also feed on the cotton-wool, as they sometimes do, 
further supplies can be re-introduced in very small quantities through the 
capillary ends but this operation requires some skill and patience. If 
necessary, the insects can be induced to migrate from their original home 
to another prepared tube. This operation, again, requires patience and 
some careful manipulation. 

Observations can be rnade daity, the tubes being removed from their 
darkened chamber one at a time and replaced as soon as possible. 

Several insects have been carried through their entire development 
in the manner described above. 

Breeding of dry-wood-nesting termites : — This is a simple undertaking 
compared with the above method although in some cases observation is not 
so easy. The insects can be isolated in tubes v/ith their food and observa- 
tions can be regularly made. If winged adults are to be used for breeding, 
it is sufficient to bore a small hole in the selected wood, which should 
preferably be of the plant normally favoured by the insects under study. 
The pair should be introduced into the hole and the block of wood 
placed in a tube, plugged with cotton-wool. Even when immature forms 
are to be used for observation, a hole may be bored in the wood with 
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advantage. This can be covered with a small piece of cardboard which 
the insects soon seal to the wood. For observational purposes it is 
necessar}^ in the early stages, to remove this cover and replace it. 

When the developing colonies need further food this ma}’ be intro- 
duced into the tube as, and Avhen, necessary. No moisture is required. 

These insects can also be bred in tubes with filter paper as food, 
instead of wood, but where this is done it is advisable occasionalty to 
add small pieces of w^ood to this diet. The insects will also feed on cotton- 
wool. 

The castes of CalotermitidcB 

It has already’ been mentioned that in a termite society, as in the 
communities of other social insects, there are several adult types or castes 
within the same species which exliibit not onl}^ morphological but also 
functional differences. vSome of these castes are capable of reproduction 
while others are sterile. In the Calotermitidae, there is but one sterile 
caste and that is the soldier. A true worker caste, which is considered to 
exist in other termite families, is absent. Of the reproductive castes, 
neoteinics, which aj)pear only under certain circumstances, exhibit prac- 
ticall}’ no morphological differences from the larvae and nymphs which 
give rise to them, except in colour and loss of abdominal st3di in the female. 
These, therefore, may not be considered true castes in a restricted sense 
although the}" are ph^-siologically different from the immature form. 
They are, however, considered by several workers as distinct morpholo- 
gical castes (Thompson and Sn3"der, 1920). 

The following forms comprise the ca.stes of the CalotermitidEe : 

Macropteroiis form. — These are the winged reproductive adults or 
alates vdiich found colonies. The dealated males and females are usuall}^ 
caUed true kings and queens. They have a dark chitinous bod}^ with 
well developed eyes and reproductive organs. These are sometimes referred 
to as adults of the first form (Thompson, 1917). 

Neoteinics. — [a) Brach}q)terous form : These, together with the 
a^Dterous rex^roductive forms, are often called neoteinics, supplement ar}^ 
substitute or conixilementar}^ kings and queens. The brach3q)terous adults 
have short wing-x)ads of var3dng size. Their e3^es, and perhaps the rej)roduc- 
tive organs also, are less develo^^ed than in the macrox)terous form. In Neo- 
termes and Glyplotermes they are of a brovm colour and are readity singled 
out, while in Cryptotermes the}^ are less conspicuous, being of a straw-3^ellow 
colour and less jiigmented. Experience is needed in order to dis- 
tinguish the apterous forms from n3J^mphs and larvae. In the neoteinic 
forms of Cryptotermes and Planocryptotermes a correlation of degree of 
coloration exists with the age of the immature forms. The brach3^pterous 
adults are sometimes called reproductive adults of the second form. 
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(f) Apterous form : These wingless reproductive forms, sometimes 
kiiOTOi as ‘'ergatoid’' kings and queens or reproductive adults of the third 
form, are of the same colour as the preceding type. In Cryptoiennes and 
Planociyptotermes, however, the}^ are sometimes less conspicuous, being 
only slightly pigmented. Their eyes are entirely absent or much reduced, 
being represented sometimes by traces only. The reproductive organs are 
not so well developed as in other fertile forms. 

Soldiers. — In this highly specialized and distinct sterile caste, which 
comprises both male and female individuals, the reproductive organs are 
non-functional and the eyes absent or vestigial except in some genera. The 
insects are wingless, but very occasional^ soldiers with wing pads may 
he met with. They are large-headed with prominent serrated mandibles. 
The usual colour of the chitinized head is chestnut brown. In species of 
Cryptoterms the head is darker and more truncated anteriorly than in the 
case of species of other genera of termites. 

Immature forms.— It is from these that the forms mentioned above 
arise and, therefore, they do not constitute a separate caste although they 
represent, functionally, the worker caste of other families. 

The development of CalotermitidcB 

As has been stated earlier, it is extremely difficult to follow with 
accurac}^ the prolonged development of individual termites especially as, 
at one stage or other, they all resemble one another in appearance. Fur- 
ther, their complex life and behaviour, which var}^ according to the needs 
of the colony, further complicate the xoroblem. In spite of these difhcul- 
ties, much information has been accumulated, both in the field and labora- 
tory, to enable a general idea to be formed of the development of some 
species of the Ceylon Calotermitidae. In all essential particulars, the 
development is the same. 

.Eggs. — The small eggs of the species of Calotermitidae are creamy- white 
in colour, with a pinkish tinge when fresh, slightty reniform in shape and 
• are laid singty throughout .the year. They are found in small clusters 
in different parts of the nest, usually the centre. The number of eggs found 
in a nest at one time is, normally, small. The female maA^ laA- one or two 
eggs a day or may allow several days to elax)se without oviposition, in this 
respect differing from the less primitive termites, which are capable of 
producing several thousands of eggs a da3^ The eggs are licked and tended 
b^’^ the parents and also by the immature forms carr^dng them in their 
mouths to favourable situations in the nest. The incubation period varies 
from i-g- to 2 months. 

Larvce and ny77iphs .—The young termites, shortly after hatching, are 
active and pure white in colour. The^^ cannot feed themselves in earty life 
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and are fed by the elders with regurgitated food. The colour of the young 
insects grows darker after the3^ have commenced to feed. The development 
of the 37'oung is extremety slow and several ecdyses are passed through 
before the adult condition is attained. 

Termites undergo an incomplete metamorphosis. The yomig of 
insects with such metamorphosis are generally referred to as nymphs but, 
among termites, according to such authorities as hespes, Hagen, Grassi 
and Sandias and other more recent workers, the term is restricted to 
individuals having wing-rudiments easity visible to the naked eye. In the 
present paper, the term n3unph is used to denote individuals possessing 
wing pads, visible either to the naked eye or under magnification. The 
young without visible wing pads are referred to as larvae. 

About 7 to 10 da3's before moulting, a larva or nymph turns in 
colour to a dull white and loses its abdominal markings. Immediately 
piior to moulting it becomes somewhat inactive. After the moult is 
completed the insect is inire white in colour with thin chitin and soft brownish 
mandibles, the integument hardening after a short interval. The exuviae 
are devoured by other members of the colony. 

It has not been possible to ascertain definitely the number of instars 
of an individual of an3^ caste. Grassi and Sandias (1893-94) state that 
there are four moults in the development of asexual forms and five in sexual 
forms of Leucotermes lucifugtts Rossi, while Imms (1919) believes that in 
Archotermopsis wroiightoni Desn. there are at least four moults, excluding 
the final change to the adult, during the whole period of growth. Heath 
and Wilbur (1927) state that the young of Zootermopsis nevadensis Hag. 
and Z. angusticollis Hag., undergo seven moults before reaching the winged 
stage. Tight (in Kofoid et aL, 1934) also refers to seven instars in the 
development of winged adults of Zootermopsis. Kalshoven (1930), in his 
study of Neotermes tecionce Damm., also believes that there are seven 
instars in the development of the winged form. 

The writer's observations on the Ceylonese Calotermitidae indicate 
that the number of moults is variable and ma3^ be more than is generally 
believed. Harvey (in Kofoid ei al., 1934) refers to the occurence in 
Calotermes minor Hag. of from one to three ''interpolated" moults during 
the last three of the seven instars. These moults do not noticeably modify 
the size and the structural characteristics of the insect. Tocal observations 
corroborate the statement, except as regards the- number of moults which 
may vary considerabty in the more advanced larval and nymphal stages. 
It should be mentioned, however, that there are, normally, three ecdyses 
between the appearance of the wing rudiments and the final winged state, 
a fact which does not seem to have been recognised by some authorities. 
Further reference will be- mad e to this fact later, 
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A larva may become full grown in about eighteen months to t^vo 
years, but this peripd ma^^ var3^ When the larva is full growai and is to 
proceed eventually to the winged stage, it moults into a nymph with rudi- 
ments of wing-pads, w^hich in termites of small size, are almost invisible 
to the naked eye, but are readity seen under magnification. This, n^unph 
is of the same size as a full-grown larva. Kalshoven (1930) also refers to 
these appendages but, apparently, he does not consider them to be wing-pads 
as he states 'They give the impression of wing-stubs' \ The insect usually 
remains in this instar for a few months. During the latter period of the 
instar a very slight elongation of the wmg-pads may be noticeable. At 
the next moult shoit wing-pads appear, which also later mcrease slightly 
in length. There is very little, or no increase in size of the bod^^ during these 
instars. 

Then follow^s the penultimate instar in wdiich long and prominent wing 
pads are developed, becoming markedty inflated and creamy-white in colour 
with age. The eyes at this stage become more prominent and resemble 
those of the perfect insect. At this stage, the insect is creamy-wdiite in 
colour and larger in size than the other nymj)hs. The final ecd^^sis gives 
rise to the adult insect, the white wings of which shortly afterwards assume 
their noimal colour. At this moult, the genital a]3pendices of the female 
disappear, thus enabling the sexes to be distinguished easity. 

Each nymphal instar may occupy four months or more but the periods 
are extremely variable. In Neotermes militaris, the nymphal period in the 
case of two colonies bred in captivity occupied two and a half and three 
and a half-years, respectivety. 

The develoiDinent of nymjDhs with short wing-jDads, after moulting, mto 
nymphs wdth long wing-pads has, apparently, not been observed by some 
investigators. Snyder (1915, 1935) and Thompson and Snyder (1920) 
consider that there are two forms of n^unphs : one, the 'primaiy form', 
with elongate wing-pads "which develops into the wdnged form, and the 
other, 'second form', wdth short wing-pads, wEich is the prototype of the 
brachypterous reproductive adults. The wuiter does not agree wdth this 
observation. He has repeatedty noted that n3mrphs with short wing 
pads moult into nymphs with long wing-pads, thus confirming the opinion 
of Kalshoven (1930) on this subject. The n^^mphs wdth short wdng-pads 
do not ordinarily change into brach^^pterous adults, as some authorities 
believe, except under certain conditions which will be referred to later 
in this paper. 

Arrestation of larval and nymphal developmerit. — The development of 
termites is controlled to an important degree by the constitution of the 
colon^^ The insects have complete control oyer their development. 
Laboratory observations reveal that a fuU-growm larva ma^^ prolong the 
larval condition, wdthout developmg wmag-pads, for a vmy long period. 
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This accounts for the large proportion of full-grown larv^^ generally found 
in a colony. The arrest of further development is possible not only in 
this stage but also in the subsecpent nymphal stages. This important fact 
does not appear to have been observed, or at any rate to have been 
sufficient^ emphasized, by other investigators but it has been confirmed 
by the writer by repeated observation and can be readity demonstrated. 
Kalshoven (1930) is also of opinion that larvae can remain stationary in 
their development and Bugnion and Popoff (1910) believed that it was 
possible for one section of the larvae to persist in their neutral (asexual) 
state, thus representing a worker caste in process of formation. 

A n3nnph; well advanced towards a moult, has no functional ability 
to stop its development to the next instar. A period of not less than six 
weeks prior to moulting is needed for a nymph with long pads to retard 
change into the wmged form, and this period is much less in the other two 
nymphal stages. Thus, a nymph with long wing-pads, the prototype of 
the macropterous form may, if necessary, remain in the immature condi- 
tion for a ver3^ long period inhibiting the development of the gonads, eyes 
or wrings according to the needs and circumstances of the colony. This 
observation justifies the conclusion that the production of the adult castes 
is subject to regulation, being hastened or retarded as occasion demands. 

The development and occurrence of macropterous forms,- — The process 
of development of the winged adult has been indicated above. It 
has been indicated, furthermore, that termites can regulate their 
development in response to the requirements of the colony. It is 
not, therefore, easy to determine the duration of the immature stage of 
any caste. For this reason , the life-cycle period is very variable. For 
example, winged adults of Cryptotermes [Planocryptotermes) primus 
(Kemner), were obtained in one artificial colony, raised from eggs laid by 
neoteinics, in two years and seven months, while in two colonies produced 
from eggs laid b}^ winged pairs and two other colonies raised from neoteinics 
they appeared after six years. In other colonies, wmged adults were pro- 
duced in four years and eleven months and five and a half 3^ears, 
respectively. In a colony of Cryptotermes perforans Kemner, wfinged 
forms appeared in five years. Winged adults have also been obtained in 
an artificial colony of Neotermes militaris in eight and a half 3^ears and' in 
another in seven . and a half years. Glyptoiermes dilatahis] in a colony 
raised in the laboratory from neoteinic adults, produced winged forms in 
four and a half years. 

Observation both in the field and the laboratory appears to indicate 
that when the larvae are fully grown, the factors which determine their 
development into the n^^mphal and, finally, to the winged adult stage 
are overcrowding, shortage of food and other unfavourable conditions. 
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When the full numerical strength of a colony has been reached, the 
overcrowding is relieved by the excess population developing wings and 
leaving the colon}^ A well-established colony of Neotermes or Glyptoter- 
mes may contain a population of from 2,000 to 3,000 individuals or more, 
while the number in a colony of Cryptotermes is very much less. Winged 
adults of N. militaris have often been observed in tea bushes in which a 
curtailment of food Was threatened owing to their having been so excavated 
as to be reduced to mere shell. Unfavourable conditions, such as excessive 
dampness or dr^dng out of the wood or a change in the food medium, may 
also favour the development of winged forms. 

The number of winged individuals produced in species of Caloter- 
mitidae is extremely small compared with species of Rhinotermitidae and 
Termitidae, where thotisands of winged forms are produced before each 
swarm. In artificial colonies, the number of alafces which develop is small, 
normally ranging from 20 to 50 although the number may sometimes be 
less. In Calotermitidae, the winged adults do not swarm simultaneously 
but at irregular intervals. Swarming extends over a number of days, 
only a few insects emerging daily. The imagines remain in the nest before 
emergence foi from 3 to 4 weeks. A further 9 to 14 days ma^^ elapse 
before the female deposits her first egg. 

Development of neoteinics, or brachypterons and apterous reproductive 
forms, — Some useful information has been obtained concerning these forms 
of which, as indicated by Imms (1930) and Snyder (1935), very little is known 
at present. Grassi and Sandias (1893-94) have stated in their admirable 
and much-quoted work on these insects that these forms are substitutes 
for the true royalties. They have also referred to the development aiad 
occurrence of these types in natural and artificial colonies. But, many 
distinguished modem workers have found it difficult to agree with their 
conclusions, mainly in regard to the origin of these forms. Observations on, 
and experiments with, the local Calotermitidae lend general support to the 
conclusions of Grassi and Sandias, although accumulated evidence has 
somewhat broadened and modified them. 

In the course of the writer's observations, a large number of colonies 
of species of Neotermes, Glyptotermes, Cryptotermes and Planocryptotermes 
has been examined and in no instance have neoteinics been discovered 
associated with a pair of functioning dealated adults. This observation 
agrees with those made by Grassi and Sandias (1893-94), Heath (1927) 
and Kalshoven (1930). So long as the winged adults are capable of func- 
tioning in a colony, there is no need for neoteinics and, in fact, they are 
not produced. Should one or both of them die or a few immature members 
be cut off from the main colony, supplementaries are then produced in a 
comparative!}^ short space of time from these young stages. The researches 
of several investigators including Kalshoven (1930), Castle, Pickens, and 
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Harve^^ (in Kofoid, et aL, 1934) on various species of termites also show 
that neoteinics are produced within a short time if groups of larvae and 
n3nnphs are isolated from the functioning reproductive adults. 

Again, in no case have bxach33pterous forms been observed in 3mmag 
colonies containing O'nly larvae and soldiers, although apterous forms have 
not been un common . But in older colonies where n3^mphs have been present, 
brach3qDterous as well as aj)terous adults have been found. These observa- 
tions are significant, particular^ in connection with the production of 
these forms in the laborator3^ as described below. 

The above observations, in particular the fact that neoteinics are rapidly 
produced when a few larvae or nymphs are cut off from the parental nest, 
indicated that it should be possible, if these forms are not pre-determined, 
to raise them without difficulty in artificial colonies in the laboratory by 
the isolation of a few immature forms. This has been done in a very large 
number of experiments b3^ random selection and isolation in tubes of larvae 
or n3anphs of various stages. As a result of these experiments it has been 
fomid that it is a simple matter to raise neoteinics in the laboratory, provided 
the breeding medium is satisfactory. This applies particularly to Neotermes 
and huypiotermes which should, in addition to food, have a properly regu- 
lated moisture suppl3^ 

In these experiments, not only have , numerous a^Dterous reproductive 
forms been raised, b3^ isolating two or more larvae, but also brach3^pterous 
adults with wing-pads of various sizes. . Indeed, brach343terous adults 
with long wing j)ads have but rarety been encountered in nature, 3^et they 
have been readity raised in the laboratory by isolating nymphs with long 
wing-pads which, otherwise, would normally develop into alates. Such 
n3aiiphs cannot, however, arrest their development and change into neo- 
teinics, in spite of the demands of the situation, if they are far advanced 
in this instar. In such a case, they cannot avoid developing into winged 
individuals, leaving the temporar3^ nest as the3^ would normally do in nature. 
But if the nymphs are isolated about 8 weeks before their noimal develop- 
ment into alates, they can then inhibit the development of wings and change 
into neoteinics or remain in the nymphal condition with the neoteinics. 
Once the wings are developed, the winged insects leave the nest even if 
it possesses no egg-laying adults. 

If n3unphs with short, or rudimentar3^ wing-pads are isolated they 
wiU change into brachypterous adults with short or rudimentary wing- 
pads, respective^. But if they are far. advanced in the nymphal instar, 
they will moult to the next instar and . may later develop into neoteinics. 
Thus, a nymph with short wing-pads, if separated about a week before 
the moult, will develop into a nymph with long wing-pads and later into 
a neoteinic if the requirements of the colon3^ so demand. 
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It ma}'' be mentioned that in some instances, when a njmaph moults 
into abrach^rpterous adult, there occurs, as Grass! and vSandias have observed, 
a reduction in size of the wing-pads. It has, indeed, been observed the 
writer that this reduction may accompany each moult until the wing-pads 
are completely suppressed iir the case of a nymph which does not, in response 
to a changed situation, continue to jJroceed to the winged state. Surprising 
as. this, phenomenon may appear it appears to be true, but further experi- 
ments are in progress definitely to establish this observation. 

When a few larvre or nymphs are isolated they commeirce to found 
a new colony. Some of them moult into neoteinics, while the others remain 
in the immature condition. One or two, depending on the number avail- 
able, ma^^ develop into soldiers. Neoteinics may appear within a week 
of isolation but the period may extend to 3 or 4 months depending on the 
preparedness of the insects to moult. Nymphs with long wing pads generally 
take from 3 to 4 weeks to moult after being isolated. After the moult, 
grondh is ma.uifested externally by a change in colour and also in the female 
by the loss of the abdominal styli. The sexes are not produced in equal 
numbers although, sometimes, a pair alone may develop. A peroid of 
from two or five weeks elapses after the change of the female to the neotei- 
nic state before oviposition takes place. 

Kalshoven (1930), in his useful contribution to this subject, states 
that when a few larvse or n5’’mphs of Neotermes tectoncs are isolated, some 
that are to change into neoteinics are devoured by those which are not 
to undergo this change and, further, that only one or two individuals are 
finally left, no new members of the colony being produced. .Similar experi- 
ments nith Ce5doiiese Calotermitids do not support these observations. 
Kalshoven was unable to obtain evidence that neoteinic formation was 
brought about by an ecdysis nor was he able to witness nymphs with long 
nung-pads developing into neoteinics as observed by Grassi and Sandias 
in the case of Calotermes flavicolUs. Observations by the writer on Ce5donese 
Calotermitidse conclusively prove that larvre or n^'-mphs moult prior to 
the change to the neotemic state and that nymphs with long wing-pads 
can change into brach5q)terous adults provided the^- are not too advanced 
in development in that instar. 

Heath (1927) believes that in Zootermopsis, neoteinics develop 
principaUj’- from soldier larr^se or nymphs. This view that apterous and 
brach5''pterous reproductive adults are merely sexuall}^ mature soldier 
larvse or n3'mphs is not in accord with the observations made in Ceylon. 

According to field observations on Calotermitidse in Ceylon, full-grown 
larvse, or occasionally n^mrphs with short or rudimentary wing-pads, are 
selected for development into ireoteinics. But the fact that er^en 3munger 
individuals can hasten their sexual development, if occasion so demands. 
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can be demonstrated b3^ isolating a few 3mung or half-grown larvae. 
Neoteinics produced in this manner would, of course, be smaller in size 
than normal. Apterous neoteinics, for example, were raised in artificial 
colonies of Neoiermes niilitaris and Glyptotermes dilatahis from larvae 
which were only about nine months old. 

Neoteinics occur very commonty in colonies of N , militaris. They are also 
not unusual in Glyplotennes colonies. In a tea bush harbouring one 
colony of N. nnliiaris the number of neoteinics present is usually fairly 
large. Occasional^ one ma^^ find as many as one hundred. In colonies 
of Glyptotermes dilaiaUts the average number is somewhat less, while in 
colonies of Cryptotermes and Planocryploiermes it is customary to find 
only a few, occasion alty onty a single pair. Neoteinics are generally fomrd 
congregated together in the same part of the nest as has been observed 
by Haviland (1898). If the number is great, they may be.found in batches 
of from 10 to 20, together with larvae and n^anphs, in various parts of 
the nest. .... 

Grassi and vSandias (1893-94) and Kalshoven (1930) state that in 
orphaned colonies of Calotermes flavicollis and Neotermes tectonce, respectively, 
only two neoteinics are produced to replace the original pair, while Heath 
(1931) found several in colonies of Zootermopsis as did Haviland (1897) 
with certain Oriental species. In the Ceylonese Calotermitidae, as has been 
mentioned above, several neoteinics have been ovserved in each colony 
in the field, particular^ those of Neotermes and Glyptotermes, and this has 
been- confirmed in the laboratory?' where it has been found that when a 
number of larvae or ny^'inphs are isolated, several neoteinics are produced 
and not only a single pair. Kofoid (Kofoid et al,, 1934) has also stated 
that several male and female neoteinics are produced at the same time in 
detached colonies in exceptional cases. Pickens records in the same publica- 
tion that in Reticiditermes hesperus as many^ as three queens may^ develop 
in the same cavity^ Harveys [op. oil.) obtained neoteinics of Calotermes 
minor by isolating small groups of 20 to 30 older nymphs. Two of them, 
he records, may develop into a reproductive pair but sometimes . three or 
four reproductive forms may appear. 

In colonies of Neotermes and Glyptotermes, the sexes of neoteinics 
are rarety represented equally. Usually there is a marked excess of one sex. 
Similar observations have been made in the laboratory when neoteinics 
were raised from larvae or ny^mphs. Haviland (1898), in his. study of the 
termites of the Malaysia, believes that ''neoteinic queens are often consort- 
less and in many cases wholly absent”. It is known, however, that males 
are alway^'s present with the females.- SnyMer . (1.935) states that neoteinics 
are polygamous, there being usually a few males with many females. This, 
however, is not always so. 
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The number of eggs laid b3^ a neoteinic female is generally less than 
a dealated adult, but this is counterbalanced by the large number of neo- 
teinic females usually jD^esent in a coloii^^ 

From the eggs laid b}^ neoteinics, whether brach^^Dterous or apterous, 
all other castes can arise. Sn^^der (1926, 1935) and Imms (1931), who 
relies on the works of vSnyder and Thom]3son, believe that macropterous 
forms do not develop from such eggs and that not even brachypterous 
forms can develop from eggs laid b^^ the apterous form. In other words, 
they believe that these forms breed true to t3^pe. But that this is not 
so has been definite^ proved in artificial colonies founded by neoteinics 
of Glyptolermes dilataUts and Crypioiermes {Planoayptotermes) primtts which 
eventually produced the macropterous form. 

Nothmg is knoTOi of the progen3’ resultmg from the miion of a 
macropterous adult with a different reproductive form (Sn3^der, 1926). In 
the Ce3donese experiments it has been ascertained that the progeny of a 
dealated male and an apterous female is, in all respects, similar to that of 
a winged pair. A colony of Cryptotermes perforans raised by such a pair 
produced winged adults in a period of 4 years and 10 montlis. 

It has also been stated that neoteinics are fed b3^ larvae or n3^mphs 
and are unable to live without their association (Thompson and Snyder, 
1920 ; Snyder, 1935). In Ceylon, neoteinics have been observed to feed 
themselves not only on wood but also on the exuviae of other members. 
They have, however, never been found alone in nests under natural conditio as 
and when isolated without the company of the immature forms the3^ generally 
die. But several neoteinics of Neotermes militaris and Glyptolermes dilataUts 
have been kept alive without larvae for long periods and although they 
sometimes laid eggs these failed to hatch. Several neoteinics, in one instance, 
were successful^ isolated in confinement for one 3^ear and eight months, 
thus dispelling the belief that neoteinics cannot feed themselves and that 
the care of the immature stages is essential for their existence. 

Snyder (1926, 1935) states that in well-established colonies of Reti- 
ciditermes in the United States of America large number of n3nnphs of 
brachypterous and apterous reproductive forms ap2:)ear seasonal^ each 
year and that the3^ mature at the same time as do the macropterous adults. 
This is not in accord with observations made in Ce3don, nor does the fact 
appear to have been established for other termites b3" other workers. There 
is, thus, n.0 evidence forthcoming to prove the regular seasonal occurrence 
of neoteinics in each colon3^ Indeed, it is impossible to differentiate, 
according to observations made in Ce3don, which larv£e and n3maphs in a 
colony will turn into neoteinics and which will be the future winged adults, 
as Snyder believes possible. 

Snyder {loc. cit.) also observes that “just before the flight of the winged 
adults, these brachypterous and apterous reproductive adults disappear 
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from parent colonies" and that nothing is knovra as to what happens to 
■them, whether they are killed by the workers or whether they migrate 
to form new colonies. It may be possible that these so-called nymphs 
of apterous and brach^iDterous adults do not attain the adult condition 
and then disappear, as supposed, but moult and eventually develop into 
the winged condition. This may, perhaps, account for the absence of the 
n3unphs or the anticipated brachypterous adults at the time of the flight. 
It has already been pointed out that nymphs with short wing-pads, from 
which brach3^pterous adults could arise, normall3^ moult into n3^mphs with 
long wing-pads and that these subsequently develop into the macropterous 
form. 

Development of soldiers . — The proportion of soldiers to the total 
number of other castes of a termite community is small. They occur 
fairly commonly in. colonies of Calotermitidae, although their number is less 
numerous in colonies of dr3^-wood-nesting termites than in others. 

In a few instances, brach3qDterous soldiers with short wing-pads have 
been encountered in colonies of Neotermes militaris. In these exceptional 
cases it has alwa3^s been observed that the colonies were old and contained 
nymphs in addition to larvae. vSimilar soldiers are known to occur in species 
of Zootermopsis and Calotermes (Snyder, 1926 ; Tight, 1921 ; Heath, 1927). 

While soldiers in *the Calotermitidse normally develop from full- 
grown larvae, small soldiers, about one third to half the size of the normal 
soldier, may be produced from small larvae in incipient colonies. The age 
of such larvae ma3^ be three months, while that of a full-growm larva ma3^ be 
two 3^ears or more. The occurrence of small soldiers in incipient colonies 
has been recorded b3^ several investigators. 

Snyder (1926) has suggested that such small soldiers are produced in 
young colonies as a result of an insufficiency of food, or possibly of its nature, 
or to the care that such larvae receive before they are full-grown and ready 
to transform into soldiers. This is the case wdth ants, the larvae of which 
are dependent upon such nutrition as the mother is able to provide, 
but in termites there is no such dependence, the larvae being capable of 
feeding themselves and there should, therefore, be no lack of either the 
quantit3^ or c]ualit3^ nutrition. The explanation of the occurrence of 
small soldiers in incipient colonies appears to be that small larvae, before 
the3^ have time to develop to their full size, are utilized for development 
into soldiers owing to the need and circumstances of the colony. When 
several full-grown larvae are available, they are preferred to the smaller 
ones. It has been mentioned earlier that small neoteinics can also be 
similarly produced by isolating small larvse. 

I he factors governing the production of soldiers in artiflcial colonies 
has not yet been fulty determined. Observations, however, indicate that 
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not onty larvae of various sizes but even n^unplis with long wing-pads can 
develop into soldiers thus suggesting, although not conclusively at present, 
that this caste, like the neoteinics, is not predetermined as some authorities 
maintain. When n3^mphs of Glyptotermes , Cryptotermes and Plano- 
cryptotermes with wing-pads develop into soldiers, their wing-buds are 
absorbed, while in Neotermes militaris the^^ persist, although a small reduc- 
tion is usuall}^ noticeable. Almost similar observations have been made b^^ 
Grassi and Sandias (1893-94) and Kalshoven (1930). 

Before a soldier develops, a larva (or a n3^mph), not external^ different 
from others, moults into a larval soldier having long, non-chitinized mandibles 
and a soldier-like head covered b3^ a white, tough cuticle. The bod3^ is 
also white in colour. This instar occupies about three weeks after which 
the pigmentless larval soldier undergoes a further moult to the adult form. 

Heath (1927, 1931) and Heath and Wilbur (1927) believe that in 
Zootermopsis colonies, onty the soldier caste develops during the first 
three or four 3^ears.. The writer's observations on Ceylonese Calotermitidse 
do not support this opinion nor do those made in Java b3^ Kalshoven (1930). 

Establishment of colonies 

^ It has been mentioned that colonies of termites are normalty founded 
by winged pairs after deflation. These leave the parental nest at different 
seasons of the year. Having selected a suitable site, such as the dead or 
deca3lng part of a tree, a wound or cavity or a crevice in dressed timber, 
a pair of the Calotermitidae will gain entr3^ and excavate for themselves 
a nest-cell. This entrance is rapidly sealed over with pieces of wood and 
excretory matter and the enclosed pair begin to form, a colony. 

It was originally believed that if a colon3’ was orphaned by the death 
or removal of the ''queen" (or the "kmg"), the colony could not survive. 
This belief is not now entertained owing to the discovery of neoteinics or 
substitute royalties which continue the reproductive activities of the com- 
munity following the death of one, or both, of the original pair. 

Under certain circumstances, colonies may also be founded by neo- 
teinics. If a few immature forms are separated from the parental nest, 
some of the young will soon change into neoteinics and form an independent 
colony. Subsicliar3^ colonies ma3' also be formed by parties of individuals 
if the scene of their activit3^ is. far removed from the parental nest. 

With one exception, the species of Ce3donese Calotermitidse of econo- 
mic importance which have been studied, rarel3^ extend their attack below 
ground level, and in such cases, independent or subsidiar3^ colonies b3^ 
neoteinics are not usualty formed. Neotermes militaris, however, . attacks 
the roots as well as the upper portions of plants, particularh- tea, and it 
also occurs in tree stumps in the soil. ' On a hilly developed estate, tea 
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roots form a network in the soil and are often in contact with each other. 
When roots are contiguous, immature forms of termites readity migrate 
from one bush to another through the roots and form independent colonies. 
Members of Calotermitidae (excepting Paraneotermes simplicicornis) do 
not travel from plant to plant through the soil. 

The above method of infestation probabty accounts for the large 
number of neoteinics of Neotermes militaris found in tea bushes. It is 
the usual mode of entrance to tea by this species. The abundance of food 
available to the insects which have migrated and the reduction of their 
numbers in the parental community in consequence of the formation of 
subsidiary colonies elsewhere, j)robabty explain why winged forms of this 
species are not so commonty produced in the tea bush as they are in the 
case of other termite species which infest this host plant. 

VI. PoivYMORPHISM OR THE ORIGIN OF CASTES 

It is not proposed to discuss at length in this paj)er the most interesting 
and important biological problem of caste production among termites, 
but brief reference ma3^ be made to the subject. The two theories which 
have been advanced to account for the origin of castes and the connected 
problem of the transmission of the characteristics of the sterile caste to 
the offspring are: 

(1) that the castes are predetermined in the egg, due to intrinsic 
causes ; and 

(2) that the castes are not due to hereditary factors but are determined 
at a later stage in the development of the undifferentiated, 
immature insects due to extrinsic factors, such as nutrition. 

The nutritional h^^pothesis has been rejected by most modern biolo- 
gists for want of supporting evidence and because they hold the view that 
a young termite, upon emergence from the egg, is already predestined 
to develop into a particular caste. Although the young larvse at the time 
of hatching are extern alty alike, it is claimed by those w^ho hold this view 
that they are internally differentiated. This view has been sujjported 
by the histological studies of Thompson (1917-1922) who deals with the 
relative dimensions of the brain, e^^e rudiments, and sexual organs of the 
various individuals believed to be the prototypes of the different castes. 
It also finds support in the observations of other workers. 

In the opinion of the writer, based upon the observations described 
above, termite castes are not due to blastogenic or intrinsic causes but are 
determined later on in the ontogeny of the individual. The fact that 
neoteinics, both apterous and brachypterous, can be raised in the laboratory 
as required by isolating a few immature forms, selected at random, not 
only discredits the assumptions of Thompson and others but also proves 
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conclusive^ that these forms , are not predetermined in the egg. Other 
observations by the writer also point to the same conclusion. Considerable 
confusioh has been introduced into the problem by the histological studies 
referred to, and by failure to give adequate consideration to the biological 
observations which have been made on these insects. 

Further work, it is hoped, will ^deld more definite evidence, particularly 
in regard to the development of soldiers, to solve, the problem of the origin 
of polymorphism among termites which, as Imms (1931) aptty remarks, 
has been ‘hhe perennial enigma that has exercised the minds of so many 
biologists''. 
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VIII. Summary 

This paper summarises the numerous observations, results of laboratory 
experiments and other interesting data on the biology of Ceylonese termites 
of the family Calotermitidas, several species of which are of considerable 
economic importance. The introduction includes a brief general account 
of termites and their status as pests. It also indicates the importance of 
the stud}^ of their interesting social organization, both from the scientific 
and economic point of view. A summary of the classification of termites 
(Isoptera) is given and the genera of Calotermitidse represented in 
Ceylon are enumerated. This is followed by a brief account of the biology 
of the Isoptera, relative to the founding of colonies, nesting and feeding 
habits, development and intestinal protozoa, and followed, in turn, by a 
presentation of the general biological features of the Calotermitidse. 

A complete list of the. Ceylonese Calotermitidse known to the present 
time is recorded, together with brief notes on their habitat, economic 
importance, distribution and other information of interest concerning each 
species. The next section presents observations on the biology of the castes 
of the Calotermitidse. The inherent difficulties in the stud^^ of termites 
are discussed and techniques devised for the successful breeding of damp- 
wood and dry-wood-nesting termites are described. 

The different castes in communities of Calotermitidae are mentioned. 
A summary of the observations on the development of eggs, larv^ and 
n^^mphs, and on instars is given. Stress has been laid on the aptitude of the 
immature individual to arrest larval or n3^mphal development in response 
to the needs and circumstances of the colony, a fact which, indicates the 
variability of the life-cycle period. An account of the development and 
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occurrence of the various adult castes of the Calotermitidae is given. In 
addition to observations on the macropterous and soldier castes, much 
information on the little known subject of the biology of neotemics is included. 

It has been pointed out that apterous or brachypterous neoteinics 
are developed from undifferentiated larvae or nymphs in the absence of 
functioning dealated adults in a colony, or in parties of immature forms 
separated from the parental nest. In the laboratory they can be easily 
raised b^^ isolating a few larv^ or i^mphs, some of which, after a moult, 
attam the neoteinic condition. At this moult, a reduction in size of the 
wing-pads of nymphs sometimes occurs. Attention is also directed to an 
observation of a sui-piising phenomenon of a similar nature whereby, under 
certain circumstances, a n3?'mph is able to inhibit the development of the 
wing-pads even when they have attained considerable size. At each moult, 
a reduction of the wing-pads is effected until their complete suppression 
has been achieved. 

The statement that neoteinics cannot survive alone and are dependent 
on the immature forms for their existence has been disproved and the belief 
that neoteinics breed true to type, and hence cannot give rise to the macrop- 
terous form, has been dispelled as a result of extended breeding experiments. 
Among other facts which have not hitherto been recorded by previous workers 
is the appearance of the winged adults in a colony resulting from the mating 
of a winged male with a neoteinic female. 

The establishment of colonies both by winged adults and neoteinics 
mrder certain circumstances has been referred to and particular attention 
has been dravm to the mode of founding colonies in tea bushes by the 
neoteinics of Neotermes militaris. 

Finally, very brief reference is made to the most important and 
interesting biological problem of potymorphism or the origin of castes 
among termites. The results of observations recorded in the paper do 
not support the generally accepted modern view that castes are due to 
blastogenic or intrinsic causes but point to the conclusion that they are 
determined subsequently during the ontogeny of the individual. 
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NOTES ON SOME SOUTH INDIAN MEALY-BUGS* 

By T. V. Ramakrishna Ayyar, Coimbatore. 

(Received for piihlicaiion, on. loth January^ 1941) 


Introduction 

The great majority of insects commonly known as mealy-bugs aie 
members of the Coccid subfamil}^ Dactyloiiiin^e, but there are a few others 
also which belong to* the subfamil}^ Monophlebinec, e.g., species of the 
genera I eery a vSign., Drosichiella Morris., etc. Except in the case of some 
well known forms with pronounced external peculiarities, it is very difficult 
to correetty identify the different species of mealy-bugs from superficial 
characters alone. For a correct specific identification, the female insect 
has to be prepared for microscopic examination in order to make out 
the minute specific differences. The specific structural differences are to 
be found chiefly in the anal armature, antennee, legs and pores found in 
different regions of the body. 

In South India ten genera of the Dactylopiinae have been recorded 
so far: Pseiidococms Trionyrmis Berg., Phenacoccus Cockll., - 

Ripersia Sign., Antonina vSign., Pseudantonina Green, Rhizoecus Kunkel, 
Dactylopins Costa, Xenococcus Silv., and Kermicus Newst; of these the first 
four are of economic importance. The subfamity Monophlebin^e is represent- 
ed by Aspidoproctns Newst., Labioproctns Green, Drosichiella Morrison 
and Icerya Sign., the last two including imjiortant pests. Though many 
of the species dealt with here have aheady been figured and described 
by the writer^ with notes on their morphology and ecologA^* an attempt is 
made in this paper to give a general and popular idea of the species of 
this group of insects so far noted from S. India to help, if possible, the 
amateur worker in and the educated cultivator in S. India. 

Subfamily DACTYEOPIINiE 

Ferrisiana virgata (Cockerell) — The common tailed meaty-bug. 

/ 

This is a common and widely distributed species, characterised ex- 
ternally by. a pair of long, stout, wax)^ filaments at the tail end. In S. 
India it has been noted so far on garden crotons, tomato, pepper, cotton, 
Lantana, custard-apple, sesba^iia grandiflora, etc. Ver}^ often it assumes 


^Paper read at the Indian Seience Congress, Madras, (Januaiy, 1940). 

1 Ayyar, T. V. Ramakrishna, 1930, Bull. Imjj. Insi. agric. Res. Pusa, No. 197. 
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pest status and covers shoots and fruits of custard -apple, tomato, lab-lab, 
etc. It has been noted in maii}^ other tropical countries also. 

Pseudococcus lilacinus (Cockerell) 

Colonies of this insect in mealy masses are generally found covering 
shoots of tamarind, Sesbania, Ailanthus, etc. It has also been noted as 
a pest of pomegranate, covering the fruits and fruit-stalks in woolly patches. 
It was also found in cracks and creyices in the stem of the banyan tree 
in the N. Circais, and on rubber in Ce^don. The L3maenid caterpillar, 
Spaligis epi'us Moore and the Noctuid caterpillar, Eublemma scitula (Ramb), 
are sometimes found as predators on this meaty-bug. 

Pseudococcus filamentosus var. corymbatus Green — The cotton mealy-bpg. 

This is a common pest found on tender shoots and fruits of jak. Citrus, 
cotton, etc., in diffeient areas. Cotton sometimes suffers very badly in 
some tracts during certain seasons. The notorious red ant {Oxophylla 
smaragdina) is an important agent in the distribution of this mealy-bug 
in maii}^ localities. 

Pseudococcus saccharifolii Green — The yellow meaty-bug of sugarcane. 

This insect is fairty common in N. India as a pest of sugarcane. It 
has, however, been noted in the Godavari District chiefl}^ on wild cane, 
Saccharum arundinacetim. It clusters on the leaf sheaths and has a pale 
yellowish colour. 

Pseudococcus bromeliae Bouche — The pine-apple meal3?^-bug. 

The species, though not very common in India, has been noted on pine- 
apple, especialty on the fruits in N. .Malabar on two or three occasions. 
It has also been recorded on mulberry in Bengal ; but the identification 
does not appear to be quite correct in the latter case. 

Pseudococcus detorquens Green (MS.) 

This is a species collected b3^ the writer on bamboo shoots from the 
Walayar forests (Western Ghats). Young shoots of growing bamboo are 
found covered .over by the insect in large numbeis. 

-Pseudococcus distichlii var. indicus Green (MS.) 

This is a new variet3^ collected on the grass, Leptochloa polystachya, 
in the Tan j ore delta. 
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and tnvn )siU\ X'arions speeits; of ants \'isit theiu in euafanoua uninbera. 
Yenue^ eoeouut trees idteti sutler from tlus pest. It lias also tnea noted 
occasioually on the tender shoids of the patuuaa paliu, and o.n eoitee and 
cedar-nood in iMx’Sore. 


Pseiidocouons cHri Uisso Yhe Citrus mealy bug. 

Tliis is a well kvunvn insrad. enjoyiny; a \‘erv wide distrilautioni all or er 
the tropics. It is kniwvn t.o be a \‘ery destriietiee Citrus pest in many fruit- 
growing areas of the world. Yhe species is polyptiagous, having been noted 



Eigs. 1 — 3. Trionymus sacchari (Given) 

1 . a portion of sugarcane stem with the sheath removed to sho',\' 
the mealy-bug ; 2. young larva: ; 3. later stHgo ot larva. 

(Reproduced from BuU . hup. Ivsi . Ugnr. AVs. Pusiii No. 107). 

to attack more than fort}^ different plants. In O'. India it. has been rmted 
on cacao pods in the Nilgiiis, coffee seedlings in Coorg. and on loi^ts, and 
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shoots of Erythrina, croton and Parkinsonia in different areas. Two other 
species of Psmdococms, viz. y P. viridis 'Newstead and P. cocotis Maskell, have 
also been noted in S. India, the former on Pithecolohium saman and Hygro- 
phila spinosa in Madras in 1892 and the latter on coconut leaf in the Tac- 
cadive Islands in 1891. There are no further records of these and it is not 
imlikety that these ma^^ belong to one or other of the species noted above. 

Trionymus sacchari (Cockerell) — The pink mealy-bug of sugarcane. 

This is a very widety distributed sjoecies (Figs, i — 3) noted in many 
areas throughout the tropics. In India it has been noted in all cane-growing 
areas, such as S. India, Bomba3^ United Provinces, Bihar, Bengal, etc. This 
insect generalty confines itself to sugarcane and a few grasses onty. It is 
often found as a serious pest of sugarcane during certain seasons and on 
certain varieties of cane. The adult female has a uniform light pink colour 
and is elongate oval in shape ; the mealy covering is loose. It was for 
man^^ 3^ears confused with the rice meaty-bug causing the soorai disease 
but the latter has recentty been described as a separate species [Ripersia 
oryzce) b}^ Green. Green has recentty noted a new variety of Trionyimis 
(T. distichlii var. indims) from Tanjore ; but it has not 3^et been described. 

Phenacoccus insolitus Green — The brinjal mealy-bug. 

This species is commonty noted on old brinjal plants. A badly infested 
plant is covered over with colonies of these insects in all stages, and 
from a distance it looks as though the plant has been splashed with white- 
wash. It has also been found on Sida, Trihtihcs, Trhimfettay Ahutilony 
and Acheranthes aspera at Coimbatore and Malabar. A . predatory 
lady-bird beetle and a small parasitic wasp have been noted as natural 
enemies of this mealy-bug. 

Phenacoccus mangiferae Green — The mango meaty-bug. 

A common pest in all mango-growing areas, especially in Salem, 
N. Circars, Chittoor, etc. The adult female is broadly oval with numerous 
long, stout, marginal processes on all sides. It has also been found on 
Eugenia hemispherica and Echitis sp. in Tinnevelly and the N. Circars. 

Phenacoccus iceryoides Green 

This insect has been noted to attack a number of plants. The chief 
among them are Citnts, Boswellia, Plectroniay Capparis, FicuSy DolichoSy 
cotton and the rain tree. • Sometimes it is fomid as a serious pest on the 
rain tree. The caterpillar of the butterfl3^ Spalgis epiuSy feeds on this 
mealy-bug. 


Some South Indian mealy-bugs 
Phenaeoccus ornatus Green — The jasmine meaty-bug. 
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This is a creain}^’- white, delicate insect with the body romidish and 
with the white waxy processes arranged as fine radiating filaments ; noted 
on wild and cultivated jasmines. It is recorded also on tea leaves in Ceylon. 


Phenaeoccus hirsutus Green — ^The tukra meaty-bug. 

This species has a wide distribution aU over N. India. It is known 
to cause the peculiar malady kno\vn as Tukra’ disease on mulberr}^ grown 
to feed silkworms in Bengal. It is known as the ‘Hibiscus meaty-bug’ 
in Egypt. The insect was recorded from S. India b^^ the writer on the 
banyan tree in North Coimbatore, and on the tender distal shoots of teak 
trees in the Walayar forests.. It has not been noted so far on mulberry 
in the silk-rearing areas of the Mysore plateau. 


Phenaeoccus quarternus Green 

There is only one record of this insect having been fomid in cracks of 
Cas^harina tree in the Coromandal coast in 1912. 



Ripersia sacchari Green 

This species was first recorded from the United Provinces on sugarcane. 
It is not so common as the pink meaty-bug {Trionymus sacchari (CockereU). 
In S. India till now it has onty been fomrd on Imperata grass in Tanjore 
and on wild cane, Saccharum arundinaceum in the Northern Circars. 

Ripersia oryzse Green 

The disease known as soorai on padd}^ often found in the different 
rice-growing areas of the province, especially in the Tanjore delta, is caused 
by this meaty-bug. In infested fields the insect can be found in large numbers 
on the paddy plant under the leaf sheaths and on the stem ; the sucking up 
of the plant juice by hundreds of these creatures causes the plant to shrivel 
and be stunted and in many cases no earheads develop. For some years 
past this insect was confused with the pink meaty-bug of cane and passed 
imder the name Trionymus {Pseudococcus) sacchari, Recentty Green 
found out the error and described this insect under the name 
R. oryzcB, A general account of this insect and its relations with the rice 
plant as a pest is given in the writer’s recent papeH on the subject. Two new 
species of Ripersia {R. rigida, & R, pimciatissimcC) also have been discovered 
by Green in the material collected on grasses (Iseilema and Cyperus) from 
both the Tanjore and Godavari districts ; but these have not yet been 
described. 

1 Ayyar, T. V. Hamakbishxa, J . Mysore agric Expt, Union, 17 : 1-10, 1939. 
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Antonina maritima Green — The niit-grass meaty-btig. 

The habitat of this insect is generalty the underground roots of grasses 
of different kinds. This has been found on Cynodon grass in Coimbatore. 

Antonina indiea Green 

Sitniiar to the last species and found attached to grass stem close 
to the soil. This has also been recorded from . Bengal and Ceylon on grass. 
The insect is found in pale, white, ovoid patches in the lower regions of grass 
stems at Coimbatore' 

Antonina zonata Green 

Found on bamboo shoots and stems in Coimbatore. The species was 
first described in 1919 from material collected on bamboo in Ceylon. 

Pseudantonina Green 

Tvvo new species of the genns^^ Ssetidantonina have been recently 
discovered by Green from material collected on grasses from the Godavari 
district, but have not yet been described. 

Rhizoecus eynodontis Green 

This is also a grass-infesting species, collected on Cynodon dactylon 
in the Godavari district b^^ Y. -R. Rao. It was described by Green in 1931. 

Daetylopius tomentosus Famarck — The prickty-pear mealy-bug. 

This is the insect (Fig. 4). which has done a considerable amount of good 
work during the past few 3^ears in killing our worst weed, the prickly-pear in 
extensive. areas all over S. India. It confines itself to one food plant viz., 
the piickl}' pear, Optmtia dillenii Haw. • In general form, the female insect 
is oval and completely covered over by dense, meaty- white covering. 
This cochineal was first introduced into India via Ce3don b^^ about 1926 and 
since then it has spread throughout S. India and has helped a great deal 
in clearmg maii}^ extensive areas of this weed. A detailed account of this 
and the allied species, D. indiea Green may be fomrd in the author's paper 
on the Coccidse of prickty-pear in S. India 1931.^ The allied species 
D. indiea Green is now ver}^ scarce and confines itself chiefly to another 
species of prickty-pear viz., 0 . inonaeantha. 

Xenococcus annandalei Silvestri 

This insect was noted onty once on roots of Fiens obkisa in the nest 
of an ant of the genus Aeropyga in the N. Circars. 

1 Ayyak, T. V. Eamakrishna, Agric^. Live-stock, India, 1 (3): 229-237, 1931. 
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Kermicus wroiightoni Newstead — ^The bamboo meah^-bug. 

Colonies of this interesting 
insect were found inside hollow 
bamboos in Malal:)ar with s\varms 
of ants visiting them. The 
insect was first described b}^ 

Newstead from material collec- 
ted from India as early as 1897. 


Subfamily MONOPHhEB IN/U 

In this subf amity, as stated 
befoie, we have only two 
gen.eia which are also known as 
meaty-bugs ; these are Icerya 
and Dvosichiella. Sometimes 
species of these two gejiera 
become serious pests. The 
native s^Decies of I coy a so far 
noted in S. India are : L cegypii- 
aca Douglas, I. seychellarum 
Westwood and I. pilosa Green. 

In general external form the}^ 
are all more or less similar, with 
the meaty covering of the bod^^ 
forming numerous conspicuous 
elongated, stout, wax^^ filaments. 



Fig. 4. Stem of Ojyunlia diUenii, attacked by 
Dactylopius tomcnlosus. 

(Rei)roduced from BulL Imp. Inst. Agric. 
Res. Pusuy No. 197) 


The commonest of the three 
is I.cBgyptiaca which attacks numerous plants, such as garden crotons 
and ornamental shrubs of all kinds, jak, Ficns, mango and numerous 
other cultivated plants. I. seychellarum is not so common and has been noted 
on Cassia and Casuarina. It has been recorded on mango in Bomba}^ 
I. pilosa is a rare species and has been noted on Spinifex squavrosns near 
Madras. One other species of Icerya, viz., I. piirchasi Masked, an Australian 
form has within the past few 3^ears, entered India and is found on wnttles 
and Citims in the Nilgiri hills. It is a notorious pest of Citrus and other 
fruit trees in many cotm tries. The progress of this insect in India has to 
be watched. Only one species of Drosichiella has so far been found fairty 
common in S. India. This is D. phyllanthi (Green), noted on garden crotons, 
Cleistanthus, etc. The females of this insect are some of the biggest among 
meaty-bugs ; the}^ are flattish-oval in shape, pale dirt3^ white in color, with 
dark limbs. In N. India one species, Drosicha mangifercB (Green),''* has been 
found as a serious pest of mango and other fruit trees. 

It is hardly necessar^^ to add that there is a good deal yet to be studied 
regarding meaty-bugs in S. India; nor is it unlikely that many^ new forms 
await discovery. 


^SomG authors have recorded this species under the name, Monopldebus stebbingi {hd.). 
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NOTES ON THREE PREDATORY HEMIPTERONS 
FROM SOUTH INDIA 

By M. C. Cherian, b.a., b.sc., d.i.c., and^K. BrahmAchari, m.a., 
Agricultural Research Institute, Coimbatore. 

{Received for publication on lOth Ap>rili 1940) 

Introduction 

The leguminous plant daincha {Seshania hispinosa) is an important 
'green-manure' plant grown in many districts of the Madras Presidenc^^ 
especially in the wet areas of the Cauvery delta. It has been found subject 
to the attacks of a number of caterpillar iiests, of which Prodenia liUira 
(Fabr.) and Semiothisa pervolgata (Wlk.) are the important. In addition 
to these, the larvse of the butterflies, Terias hecabe (Linn.) and Catopsilia 
pyrmithe (Linn.) are also occasionally noted in small numbers. During the 
course of studies of these pests at the Agricultural Research vStation, 
Aduturai, South India, three predatory bugs were observed feeding on 
these caterpillars. The present paper deals with the habits and life-histories 
of these predators and their efficacy in controlling the pests. 

Pbntatomidah 

Cantheconidia furcellata (Wolff) 

It has some resemblance to the bugs Dolycoris indictts Stab and 
Agonoscelis mibila (Fabr.), which are often found in association with it. 
It can be distinguished from the others b^^ its lateral spmes found on the 
thorax. Its habits have been described b3^ Lefroy (1909) and Fletcher 
(1914). 

Distribtition, — In the. Madras Presidency Cantheconidia furcellata 
has been recorded from Coimbatore, vSaidapet, Aduturai and Musiri. Out- 
side the province, it has been noted in Bihar and Bengal. According to 
Distant (1902) this is a widely distributed species, recorded from both the 
Oriental and Neaxctic regions. 

Life-history. — The males are slightly smaller than the females. They 
mate at an^^ time of the day and remain in cop for several hours. Eggs 
are laid in numbers varying between 8 and 60 at a stretch, usually in two 
rows, either a few inches below the tip on the growmg shoot or on the leaves 
of the food-plant. Under laboratory conditions, eggs are laid durmg night 
or da}^ on the daincha twigs supjilied in the breeding jars, sometimes on the 
sides of the glass jar or on the inuslhi covering provided for the jars. The 
maximum number of eggs laid by a smgle female is 180 and the minimum 25. 
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The egg is shaped like a flower-pot, the top being slightly wider than 
the bottom. At the top there is a lid fitted with a raised rim, which is 
provided with 18-20 small projections. The freshty laid eggs are whitish 
and glued on to the host plant b}^ means of an exudation from the mother 
insect and are therefore not easity dislodged. Different regions can be 
seen in the lid too, the centre of which is dull white, surrounded b}^ a ring 
of light blue colour. . Just before hatching, the egg changes its colour to 
light orange. The incubation peiiod ranges from 5 to 7 days. 

The n^miphs hatch b3^ pushing their wa^^ out at the top. The 
newly hatched nymphs are light orange-3'^ellow in colour and measure i mm. 
in length. The n\anphs undeigo five moults before the}^ attain the adult 
form. The duration of the life-c^mle from the egg to the emergence of the 
adult is 18 to 21 da3'S. Under laborator3^ conditions, the adults were found 
to live for 15 to 20 da3^s. 

Feeding habits. — Both the adults and nymphs introduce their proboscis 
into the host caterpillars, which struggle hard to extricate themselves, But 
once the piercing is effected, the host can only rarety escape being sucked 
out. It was noticed that when fresh green twigs and caterpillars were offered 
in breeding' jars at the same time, the bugs fed on the plant sap first and 
only later turned their attention to the insect-food. They do not possess 
the t3'i)ical predator3^ trophi of the Reduvidee. 

Hosts. — Under field conditions, the bug has been noted to feed on 
caterpillars of Semioihisa peroolgata (Wlk.), Terias hecahe (Uinn.), and 
Catopsilia pyranthe (lyinn.), feeding on daincha. Under laboratory conditions, 
the bug was found attacking the following caterpillars: — Tar ache nitidiila 
(Fab.), /aim (Stoll.), Orihaga sp., Spodoptera mauritia {Boisd.) , Cirphis 

uniptincia (Flaw.), Psalis secims (Hilbn.), Enprociis fraterna {Moore), Argina 
cribraria (Clerck), Hypsa sericea (Moore), Utetheisa pulchella (Linn.), Amsacta 
albisiriga (Wlk.), Eupierote mollifera (Wlk.), Stomopteryx nerteria (Me3n.), 
Sylepta derogaia (Fabr.), Schcenobius incertelhis (Wlk.), Scirpophaga sp., 
Papilio demolens Linn., P. aristolochicB (Fab.), Acherontia styx Westw., 
Melaniiis ismene Cram, and Parnara mathias (Fabr.). 

Natural enemies. — A vScelionid egg-parasite of the bug has been reared 
from the field material ; this is probably Micrpphammis seychellensis (Kieff.) 
(Serphoidea) . 


Andrallus spinidens (Fabr.) 

A description of this species was given by Distant (1902). Andrallus 
spinidens (Fabr.) can be differentiated from Cantheconidia fiircellata (Wolff), 
by the pale brownish colour and the presence of two long, widely separated 
white .streaks, one on each side of the teginen in the former. 
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Distribntion. — According to Distant, this is a widely distributed 
species, recorded from several islands of the Mala}^ Archipelago, Fiji, Tahiti, 
East Africa and Mexico. In India, the following localities are given b}’ the 
same author : vSikkim, iVssam, Hamath, Khasi Hills, Bengal, Karachi 
and Bangalore. In the Madras Presidency, this species has been recorded 
from Godavari, Kurnool, Saidapet, Coimbatore and Aduturai. 

Seasonal incidence. — The bug makes its appearance about the middle 
of April. The daincha crop is sown in 'December- Januar}^ The caterpillar 
pests appear about a month thereafter. The predator is, however, seen 
_ in stray numbers in the field onty tv^o months laten B3^ this time, the 
pest has almost passed through one generation. With the advance of 
summer, however, it begins to multipty rapidty. It appears to thrive 
best at a maximum temperature between 94°F and I04°F and a minimum 
between 70°F. and 8o°F., under a low relative humidity. Though these 
bugs appear in the hot weather, it is in the period of south-west monsoon 
that they are active, after which they dwindle in numbers. The north-east 
monsoon adversely affects the insects in the field. 

Life-history. — The eggs are generalty laid two or three da3^s after 
emergence hr numbers varying between 28 and 160 at one time, mostly 
in two rows. The maximum number of eggs laid by a female was 256, 
while the minimum was 28. The egg is broader at the top than at 
the bottom aird closed by a lid fitted into a raised rim, ornamented 
by 18-20 projections. The freshty laid egg is flesh-coloured and fastened 
on to the host plant b3^ a sticky fluid. Before hatching, the colour of the 
k egg changes into light orange. The inculation period is on the average 
6 da3^s. During the rainy weather it ma3^ be 8 or 9 da3^s. 

Nymphs. — The freshly hatched nymphs are light orange-yellow 
in colour and measure i mm. long. Within one or two hours the n3^mph 
becomes piceous. There are five iiistars ; the first four instars last 2 to 
3 da3^s, while the last occupies 3 to 4 da3^s. 

^ The life-C3'cle from the egg to adult-varies from 18 to 21 da3^s. Under 

laborator3^ conditions the adults were found to live for 15 to 20 da3^s after 
- emergence. 

Feeding habits. — The adults and n3^mphs follow the prey and attack 
it from behind or from the flank. Once the enemy is sufficiently near, 
the proboscis is introduced in an outstretched position. In the case of 
very big caterpillars, the piercing of the proboscis is not easily effected 
5 as the former turns and attacks the enemy. When one bug is not able 

to subdue the prey, the struggle is noted by the others nearby and 
they also attack the caterpillar, some from behind, others from front and a 
few others from the sides. Very young caterpillars are quickly sucked 
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out. EaciL adult or uj-mph devours per day 2 or 3 full-grouai caterpillars 
oi Prodenia litura in captivity. 

Hosts . — Both the adults and n3^mphs attack a variet}^ of insects. 
In the damcha fields at Adnturai, the bug was found feeding on Prodenia 
lit'ura (Fabr.), Semiothisa pervolgata (Wlk.), Catopsilia pyrcinthe (Linn.) 
and Terias hecabe (Linn.). Under laboiator}^ conditions, the caterpillars 
mentioned in the case of CantJieconidia were also attacked and fed upon. 
Besides these, it feeds also on some dipterous maggots and grubs of some 
Coleoptera. Fletcher (1914) reported that the bug was fomid feeding on 
Chloridea ohsoleta (Fab.) at Coimbatore. According to Lefroy, it has been 
noted pre3mig upon the larvae of Thermesia ritbricans (Boisd.). Cannibalistic 
tendencies are noted in this bug as well as in Cantheconidia fur cellata (Wolff). 
When the n3anphs are moulting, other n3anphs and adults close by take 
advantage of their helpless condition and suck out their contents. 

Rbjduviidab • 

Rhinocoris fuscipes (Fabr.) 

Rhinocoris fnscipes was observed throughout the districts of Tanjore 
and Trichinopoty, but onty in very small numbers. 

Life-history. — Eggs are laid in batches var3dng from 5 to 21 and arranged 
verticalL^ The egg is elongated, more or less C3dindrical and of olive' 
colour. The incubation period is 6 or 7 da3^s. The newly hatched n3rmphs 
look like small ants. At this stage the abdomen is • attenuated, while the 
head and thorax are normal. There are five moults before the adult form 
is reached. The n3nnphal period ranges from 30 to 50 days. The maximum 
duration of life was about three months. The maximum number of eggs 
laid b3' a female was 80 and the minimum 45. 

Hosts. — In addition to the daincha. caterpillars, the bug was .‘found 
feeding on the beetles Epilachna 12-stigma Mills, and E. 2%-pimctata 
and the pumpkin-beetle, Aulacophora foveicollis Lucas in the field. Under 
laboratory conditions, the bug was fotmd feeding on the caterpillars men- 
tioned as hosts of the two Pentatomid bugs above. Two or three cater- 
pillars form the maximum feed per day. 

Parasites and diseases. — ^No parasite was found but the bugs were ' 
fomrd subject to a bacterial disease, particularly during the rainy season, 
as was the case with the other two bugs. When affected by the disease, 
the bugs refrain from feeding and remain still without any kind of movement. 
The body of the bug rapidty turns black and a bad odour emanates from it. 

Efficacy of the predators as controlling ' agents 

The predator3^ bugs mentioned above have some drawbacks which 
prevent them from being effective. They require an equal, if not longer. 
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period to complete their life-cycle as comj)ared with the hosts. Their 
egg-laying period is spread over a period of 8 to 10 days, before which 
the moths lay their full complement of eggs and the cateq:)illars resulting 
therefrom often assume pest proportions. Under laboratory conditions, 
a predatory bug kills only 2 to 3 caterpillars per da}^ which number 
does not seem to be effective in controlling the pest. The bugs themselves 
have their natural enemies. The predator Cantheconidia, has a Seqohoid 
egg-parasite. Again, the adult bugs of all the three species are found 
subject to a bacterial disease, particularly in certain seasons of the 3^ear. 
It is also seen that fresh hatchlings of two of the predators, Cantheconidia 
and AndralhtSy feed on the plant sap for the first few da^^^s and only later on 
take to juices of insects. Finally, though the bugs un.der laborator}^ 
conditions feed on a variety of cateqDillars, large scale breeding of bugs is 
beset with difficulties during the monsoon rains. During the wet season, 
a disease appears in breeding jars and aflActs the nymphs, which die in 
large numbers. 
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I. Introduction 

The relation between the living organism and its environment is 
not fully understood. Experimental evidence is put forward in favour of 
the relationship between insects and the micro-climatic factors, such as 
temperature and humidity, but the study of the effect of light has so far 
been very much neglected. Some interest was shovm in this problem 
towards the close of the last century, but soon it drifted to other fields. 
The effect of light on animal disease, migration and even reproduction 
received some attention during the last decade, but the influence of the 
individual components of spectrum, has not been thorough^ studied, apart 
from that of violet rays. Since phototropism has been successful^ exploit- 
ed as air effective control measure against some of the injurious species, it 
may be presumed that the reproductive activities of the adults, as well 
as their immature forms, may be equalty sensitive to the passive influence 
of light in general and its various components in particular. 

White-flies, (Aleyrodidse) generally live on the under side of leaves, and 

the infestation is relative^ severer in shad}^ places. It is, therefore, quite 
likely that the various shades of light moj have some significant effect on 
their multiplication. 

*The work was carried out at the Rothamsted Experimental Station, Harpenden, England, 
during 1936-38. 
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II. Review of previous eiterature 

Bedard (1858) stated that the larvse of Musca carnaria Iviiiii. attained 
the largest size under violet light and next in order under blue, red, yellow 
and white. Zhniuidzinpvitch (1891) remarked that the quickest development 
of silkworms was under blue light and it decreased in the order of yellow, 
white, violet, red and green. Gal (1899) differed from the previous view§ 
and stated that violet light favours the growth of silkworms, the weight of 
cocoon, silk and egg-laying. Flammarion. (1899) asserted that the ordinary 
diffused light produces relatively greater amount of silk per cocoon than 
an3^ coloured light. lyinden (1899) explained that the largest adults of 
Vanessa nrlicce Linn, were obtained under blue light and those of Vanessa 
io lyirm. in darkness, owing to the absence of heat ra3^s. 

Blo3nl (1922) stated that both the sexes of Trialeurodes vaporariorum 
(Westwood) are attracted to 3'ellow traps. Marcovitch (1924) suggested 
that development of sexes and migration to alternative hosts of several 
species of Aphididse are governed b3^ length of da3^ time. Northrop (1925) 
found that the larval period of Drosophila is shortened at intensities of 
about 2,500 meter-candles. Barber (1925) noticed that the European 
corn-borer moth, Pyrausta nnbilalis (Hitbn.), produces larger number of 
eggs when kept under . constant darkness. Shelf ord (1927) remarked 
that the pupal stage of the codling moth is prolonged in darkness. Janisch 
and Maercks (1933), expeiimenting on Pieris brassicce Ijnn., concluded 
that the3^ prosper aiid develop to the adult stage as well in darkness as in 
light and the developmental period, is not affected b3^ the absence of light. 
Kogure (1933) stud3dng the effect of light on silkworm moths concluded 
that red light affects the insect as much as the dark, orange-3^ellow gives 
re.sults almost similar to the led, and that violet light produces a larger 
number of silkworm moths, la3dng dark coloured eggs as in the white light. 
Use (1937) concluded that the cabbage white-butterfi3^ favours green and 
bluish-green lights for egg-la3dng. Snow (1937) pointed out that it was 
possible to control or change the sexual periodicit3^ by introducing the 
factor of coloured lights. Evident^ the conclusions of different workers 
are, on the whole, ver3^ conflicting in this respect. 

III. Technique 

During these investigations flower pots of.. 8'' or 6” sizes, containing 
respective^ lbs. and 5 lbs. of soil, w^ere used. The cultural operations 
were similar for all the plants imder observation. Each pot had a single 
seedling and the leaf of almost same position was selected for all replications 
when covered with coloured cages. 

The cages (Fig. i) were made of cellophane of practically uniform 
thickness. Each cage was a tube about 4" long and 2 ^' in diameter, open 
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at one end but supported at both ends b^^^ rings of card-board. The closed 
end was perforated with about 150 pin-punctures for ventilation. The 
cage in position rested on a small glass tripod at the base and a Y-shaped 
support of cane on one side. The lower open end was XDlugged with cotton 
wool. Each experiment had 2-4 replications. 

For comparative oviposition equal number of newly emerged females 
was introduced in various cages, and were allowed to stand for about half 
an hour before the cages were ptit over the selected leaves. The eggs laid 
on the leaves were counted at regular intervals. 

For observation on the incubation period, eggs were obtained on the 
selected leaves under a lamp glass. The adults were removed after 24 
hours and the leaves were covered over again by the cellophane cages. 
Hatchings were observed daity and the n^^mphs that hatched w^ere counted 
and killed. ' 



• l^iG. 1. A breeding cage. 



Fig. 2. Absorption of the wave lengths through cellophane screens. 


For the duration of n3anphal stage, eggs were obtained as above and 
were allowed to hatch under the same lamp glasses. The n3mrphs, 'which 
hatched in small nuiiibers, w^ere removed every clay, till sufficient number 
hatched on all the leaves on one and the same da3^ The leaves '^dth the 
newly hatched nymphs w*ere then enclosed in the respective cages after the 
remaining eggs were destro37ed. The emergence of adults was then recorded. 

For each experiment replications w^ere spread out on one table and thus 
they were exposed to practicalE^ the same temperature. This w-as tevSted 
by actual observations and vein^ little differences rvere observed in the 
temperature of various cages. 

The range of wave lengths in millimicrons of the solar ra3^s let 
through or cut off b3^ the coloured celloj)hanes (Fig. 2) w'as studied b3^ 
spectroscope. The relative intensities of light rays transmitted through 
liese cellophanes w^ere measured by Weston’s photo-electric cell and 
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the results are shown in Table I. The data kindly supplied by the British 
Cellophane Company, London, in' this respect, showed almost similar results, 
though with slightly different screens. 

Two different species of Aleurodidse namely, (i) Aleurodes proletella Linn., 
the cabbage white-fly and (2) Trialeurodes vaporariorum (Westwood), the 
glass house white-fl3^ were under observation during these investigations. 


Tabued II. Relative oviposition by A. proletella Linn, under different 
coloured screens y 1936-39. 


i 

Number of times j 

Average no. of eggs | 
laid per female. 


'J !'■ 

Colour of screen. 

the experiment | 

was repeated. i 

Remarks. 

'1 i 

1 

-1 i. 

Red 

Orange 

5 

1.12 

1.57 

1. Each experiment had ; 

2-3 replications. 

:! li 

1 

;i i' 

Green 


0.77 

2. The number of fe- 




males and the duration 

] 

Blue 

>> 

0.79 

of oviposition varied in 
different experiments but 


Violet 

>> 

2.31 

they were constant in the 
replications of each. 

■ ■* ! 

Yellow 

>> 

3.92 


1 

Colourless 


2.63 


; 

Standard error i 0.345 

■ 1 

Significant difference 1.035 | 

:■! 1 

1 

Table III. 

Relative oviposition by "L. YdcpoidLiioxurn [Westwood), under ; 

! '■ i 


different coloured screens, 1937-38. | 

' i 'if 
■' * . * 


Number of times 

Average no. of eggs 
laid per female. 


' ■ ! 

Colour of screen. 

the experiment 
was repeated. 

Remarks. 


Red 

Orange 

.4 

3.21 

1 . Each experiment had 

3-4 rephcations. 

) 


»» 

4.24 


Green 


3.27 

2. The number of fe- 



males and the duration 


Blue 

)y 

2.33 

of oviposition varied in 
different experiments but 


Violet 

jy 

4.80 

they were constant in the 
replications of each. 

•1; 

i;' 

Yellow 

yy 

6.64 


u 

Colourless 

yt 

5.83 



Standard error i 0.335 , 

Significant difference 1.005 ' 
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IV. Rei^ative effect of coloured screens on oviposition. 

(1) A. proletella Rinii.— The maximum number of eggs, on an average, 
was laid under the 3^ellow screens (Table II, and Fig. 3). The oviposition under 
the colourless and violet screens was also higher than under the rest of the 
coloured cages. However, the relative effect of different radiations, may be 
roughly arranged in three groups — (i) yellow (Y), colourless (W) and violet 
(V) showing the maximum number of eggs laid, (2) orange (O) and red (R), 
taking the middle position and (3) blue (B) and green (G), taking the other 
extreme, indicating the least number of eggs laid under their influence. 

On statistical analysis 
the above results give a ^ 7 
standard error of ±0.345. | e 

Comparing the individual 
differences on the basis of ^ 
the significant figure of J ^ 

1.035, the following con- ' | y, 
elusions have been arri- ^ 
ved at : — | ^ 

i. The average num- | • 

her of eggs | 
laid per female 
is significantly 
higher under the 
yellow screen 

than under any other. At the same time, the colourless screen'^ 
shows significant differences from the means under red, orange, 
blue and green. The violet is also significant^ different with . the 
exception of the results under orange. 

ii. The average difference between YWY group and the ROBG 
group is quite significant. 

iii. The results of the red, orange, blue and green screens are not 
significantly different from one another. 

(2) T. vapor ariomm (Westwood). — The observations were made 
under conditions, practically identical to those for A. proletella, and the 
results are given in Table III and Fig. 3. The insects on the whole behaved 
practically in the same wa}^ as those of the previous species. The maxi- 
mum number of eggs was laid under the yellow screen. The relative 
effects of the colourless and violet screens come next to the yellow ; and 
the grouping with respect to the relative oviposition under various screens, 
almost corresponds with that observed in A. proletella. The effect of the 



Fig. 3. Relative oviposition of A proletella and 
T, vaporariorum under coloured screens, 1936-38. 


*For convenience in grouping, it will be represented by “W”, indicating white. 
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orange screen in this case lies somewhere between the YWV group and the 
GRB group. A slight difference was also noticed in the position of the red 
and green in this case, but their results in no way differ from those observed 
previous^. 

vStatistical analysis of the data gave a standard error of ±0.335, 
with a significant difference of 1.005. The following conclusions, therefore, 
are derived : — 

i. The effect of the 3^ellow screen is significantly different from 

that of all others, except the colourless (W) and gave the 
maximum number of eggs. 

ii. The difference between the colourless and violet is also signi- 

ficant. 

hi. The effect of violet is significant^ different from that of green, 
red or blue, but not from orange, its effect in this respect 
- exactly corresponds with that noticed in A. proletella. 

iv. The differences between the green, red and blue are not signi- 
ficant as noticed previously, but the orange is significantly 
different from the red and blue. 

The general trend of the results obtained in the case of both the 
species is almost similar with only slight differences with respect to the 
influence of violet and orange screens. The yellow and colourless screens 
invariabty gave maximum number of eggs, whereas the red, green and 
blue gave the minimum number. 

V. Rei^at ive effect of coeoured screens on immature stages 
a. Duration of the egg stage. 

(i) A. proletella. — The response of the egg stage was determined 
from the percentage of eggs hatching under the various screens. (Table IV, 
Fig. 4) and from the average duration of the incubation period under 
respective cases (Table V). For the sake of convenience in representation, 
however, a standard effect was obtained by the accumulated totals and 
percentage of total hatching (Table IV). 

Fig. 4 indicates : (i) that the eggs under red screen started with a 
relatively higher percentage of hatching ; (ii) the peak of the maximum 
hatching of eggs on any one day, was almost invariably one da}^ earlier 
under the red screen. 

Similar^ when examined critically, the data in Table IV represent 
that over 60% of the eggs under red screen, hatched b3^ the third 
the commencement of hatching : on the other hand, this limit w; 
by the fourth day under other screens. 
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The general effect of the various screens, revealed by stud^nng this 
data comparative^, leads to the following conclusions : — 

. i. The effect of the red screen is rather prominent, since the incubation 
period is minimum under its influence. 

ii. Next in order, is the group constituted by orange, green and blue 
. screens.. 

iii. The effect' of yellow, colourless and violet screens represents 
the longest duration of the egg stage and the incubation period 
is particularly extended over a relative^ longer period under 
violet and colourless screens. 



2^** 3'’' Gfc 

Days 


Fig. 4. Percentage of average daily-hatch of A. proletella 
eggs under coloured screens, 1936-38. 

Statistical anal^^sis of the data from these experiments, gives ±0.178 
as the standard error (Table V). Comparing the mean durations under 
various screens on the basis of the significant difference,' the following 
conclusions are arrived .at ; — 

i. The results of the red screen are significantly diff'erent from those 

of the rest. 

ii. The influence of. the violet, colourless and yellow screens is not 

significantly different from one another, as also .noticed in the 
case of the orange, green and blue screens. 
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iii. The violet and colourless are both significantly different from all 

others except the 3^ellow. 

iv. The results under ^^ellow are not significantly different from those 

under orange, green and blue. Hence the 3^ellow falls roughty 
between these two groups. 

(2) T, vaporariontm . — The results obtained with respect to the 
duration of the egg stage of this species are summarised in the same manner 
as in the case of A. proletella and are graphically represented in Fig. 5. 
The conclusions derived from this data are also almost identical with those 
given under the previous example, namely, (i) relatively higher percentage 
of hatching on the first day is noticed under the red screen ; (ii) on an average. 


Table V. Hatching of the eggs of A. proletella under different colotired 

screens, 1937-1938. 


Colour of 
screen. 

Average duration of egg stage (in days) 

Mean. 

Number of experiments each with 3-4 replications 

I 

II 

III 

IV 

Red 

12.80 

11.89 j 

11.10 i 

11.44 1 

11.81 

Orange 

14.33 

12.75 

11.42 

12.15 

12,66 

Green 

14.12 

12.36 

11.56 

12.50 

12.64 

Blue 

13.60 

12.61 

11.46 

1 

|, 12.69 

12.59 

Violet 

15.67 

13.49 

12.01 ' 

12.79 

13.49 

Yellow 

14.77 

12.91 

12.00 

12.79 

13.12 

Colourless 

14.79 

12.88 

12.13 

13.58 

13 . 34 ' 


Standard error Az 0.178 Significant difference 0.534 


the peak of the maximum hatching of eggs, on any day, is about 24 hours 
earlier under the red, although a similar tendency is also observed under 
the green and blue screens ; (iii) over 60% of the eggs under red screen 
hatches by the 3rd day after the commencement of hatching. 

The general effect of the various coloured screens ( Fig. 5 ) shows 
practically the same distinct grouping as observed before. The maximum 
effect of the red screen is noticeable from the quickest development of the 
egg stage. Next in order are the results mrder the orange, green and blue 
screens ,* followed by the 3rd group representing the effect of the violet, 
colourless and the 3’:ellow screens which produce the slowest development 
of the egg stage. 
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Statistical analysis of these results gives a standard error of ±0.116. 
Comparing the mean durations under various' screens, on the basis of the 
significant difference, the following conclusions may be derived : — 

i. The results of the red screen are significantly different from those 
. of others. 

ii. The differences between the results under violet, colourless and 
3^ellow screens are not significant ; similarly, the effects of the 
orange, green and blue screens do not indicate significant differences. 

iii. The results of the violet and colourless screens are significantly 
different from all others except the yellow. Thus, the yellow 
screen behaves exactly similar to that under the previous example. 



Fig. 5. Percentage of average total hatchings of T, vaporariorum eggs under 
coloured screens, 1937-38. 


b. Duration of the nymphal stage. 

(i) A. proletella, — The duration of the nymphal stage was calculated 
from the date of hatching of eggs to the emergence of the adults. However, 
the duration up to the emergence of the first adult being a constant factor 
in all cases under each experiment, was discarded while summarising the 
data with a view to representing the daily emergence, their progressive 
totals and the respective percentages (Table VI). The n^^mphal stage, 
therefore, may be calculated by adding the number of da^^s before emergence 
(Table VII) to the duration of emergence in the respective cases. The 
relative influence of the various screens is further shown in Fig. 6. The 
duration of nymphal stage under the various screens was influenced 
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Rf.mauks — E mergence of the adults seems to extend over a relatively longer period under the colourless, violet and yellow screens. On an 
average, the shortest duration of nymphal stage was calculated under the red' screen. 

A. Average emergence. B. ^rotal emergenee. C. l\u*centagc of total emergence. 
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practically in the same manner as the egg stage, and hence the conclusions 
are almost identical. 

The percentage of the earliest emergence, on an average, is higher 
under the red screen than under any other screen (Table VI). At the same 
time, the peak of maximum emergence of the adults on any one day, as 
well as the limit of over 50% of the total emergence, is relatively earlier 
under the red screen than in others. 


Tabue VII. Emergence of the adults of A. proletella under different coloured 

screens, 1937-1938 


Colour 

of 

screen. 

Average duration of emergence (in days) calculated from 
the commencement of emergence under any colour 

Mean. 

Number of experiments each with three replications 

I 

II 

III 

IV 

Eed 

4.90 

3.86 

4.73 

3.28 

4.19 

Orange 

5.70 

6.95 

4.60 

4.41 

5.42 

Green 

5.93 

6.10 

5.68 

4.78 

5.62 

Blue 

6.80 

6.91 

6.58 

4.77 

6.26 

Violet 

7.00 

6.65 

6.33 

5.25 

6.31 

Y ellow 

5.17 

8.41 

7.38 

5.73 

6.67 

Colourless 

6.04 

8.62 

8.50 

6.07 

1 

7.31 


Standard error 0.432. Significant difference 1.296 
Remarks. Duration from hatching of eggs to the emergence of first adult in experiment: — 
1. 21 days, 2. 24 days, 3. 26 days, 4. 25 days. 


The relative grouping of the effect under different screens was equally 
defined and the trend of the curves (Fig. 6) was almost similar to that for 
the egg stage ; the effect of the red screen indicating the shortest duration 
of the ny^mphal stage. Next in order, follow the results under the orange 
and green which take the middle jiosition. The third group, constituted 
hy the results of the other screens, indicated the longest duration under 
their influence. The iiosition of the blue, however, was slightly shifted 
from the second to the third group. 

The standard error calciflated from the results of these observations 
was ±0.432 (Table VII). The effect of the red screen was signiflcantly’ 
different from those of all others except the orange. At the same time 
the effect of the orange or green was significantly different from that of 
the colourless but not from others, although they' show slight indications 
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towards it. The differences between the results of the constituents of the 
"third group, however, were not significant. Moreover, the emergence of the 
adults extended over a relatively longer period under the colourless, violet 
and j^ellow screens. 



Days 


Fig. 6. Percentage of average total emergence of the adults of A. 2)roletella under I' 

coloured screens, 1937-38. | 

(2). T. vaporariomm . — On the whole, the general effect of various | 

screens was almost similar to that observed in the case of A. proletella. 

The percentage of the earliest emergence of adults, on an average, was * 

relatively higher under the red screen than under any other. At the same 
time, the peak of the maximum emergence on any one da5^ as well as the 
limit of over 50% of the total emergence was relatively earlier under the 
red screen than under any other. 

The relative grouping of the effects under various screens in this case 
also follows a trend almost similar to the one observed in A . proletella. The 1 

effect of the red screen at one extremity indicated the shortest duration of ‘ ^ 

the nymphal stage. Next in order were the green and orange taking up the 
middle position. In this case, however, their respective positions were i 

reversed when compared with that in the previous example. The third 1 

group included the effect of the rest of the colours, showing relatively ; 

longer duration. A little overlapping of the effects of blue and violet screens 
at the commencement of emergence of adults, indicates the shiftmg of the I 

blue from the nriddle to the third group as already noticed in A. proletella. jp~ ^ 

The standard error calculated from these data is ± 0.176. The effect of 
the red screen shows quite significant differences from all others. The di- ^ 

fferences between green and orange were not significant, as also noticed 
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ill A. proletella, but their results were significantly different from those of 
the other screens. Blue showed a slightty doubtful position and was more 
towards the violet. The difference between the ^^-ellow and colourless 
is not significant. 

As noticed previously, the emergence of adults extended over a 
relative^ longer period under the colourless, yellow and violet screens. 

VI. Discussion of the resuets 

The behaviour of the two species of white-flies studied with respect 
to their oviposition and development, under different coloured screens, 
requires some explanation. As the use of the cellophane screens does not, 
in any way, ensure the monochromatic radiations which form the spectrum, 
there is no reason to believe that the relative effect of these screens will 
show any correspondence to the order of the colours manifested in the 
siiectrum. Hence, the effect is likely to be interpreted in terms of wave- 
lengths of light which are transmitted or cut off, by the intervention of 
these screens (Fig. 2). Moreover, the relative intensity of the radiation' 
transmitted through these scieens (Table I) ma}^ have some appreciable 
effect on the reproductive phases. On this hypothesis, the following sug- 
gestions are offered : 

Relative oviposition, — The most favourable effect of the yellow and 
the colourless screens may be dependent on their relatively higher trans- 
parency. Floyd (1922) stated that the adults of the green-house white-fly, 
are attracted to yellow colour. Our knowledge of Bemisia fabaci {-gossypi- 
perda) in the Ptmjab (Husahi and Trehan, 1933) as well as the observations 
on other species (Trehan, 1939 and 1940), have shown, that a relatively 
larger number of adults and eggs are met with on the top leaves or at any 
rate, those that are much exposed to light. This fact, coupled with the 
results of Floyd, affords a possible explanation that the intensity of light 
and particularly the yellow tinge at that region, attracts the adults thus 
resulting in a higher oviposition. 

Further, the medium and long waves appear to have some stimulative 
effect as compared with the retarding effect of the short waves. It nmy, 
however, be^Domted out that the red screen does not show the stimulative 
effect, most probably because, it also lets through a certain amount of the 
extreme short waves, which very probably counteract its effect. Yellow, 
on the other hand, lets all the long wave lengths to pass, particular^ the 
medium ones, and at the same time almost cuts off the short blue rays.' Thus, 
the effects of the long and medium waves become very much j)ronounced. 

Duration of the egg stage, — The development was comparative^ most 
rapid under the red screen. It is, therefore, presumed that the ra^^s cut off 
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by this screen, have a particularly retarding effect on larval development. 
Yellow j)fRcticalty works like the colourless. The violet has a retarding 
influence because through it the absorption in the middle region of the 
spectrum is comparatively low, and, therefore, it does let through some 
of the ra^^s which retard the development. 

Green is not retarding to the same extent as the yellow or violet, 
because, although it cuts off the blue to some extent, it also transmits a 
portion of the ra3^s of higher wave lengths than 600 Angstrom tmits. 

Orange is quite towards the red as it cuts off a greater part of the 
medium wave lengths. 

Blue shows relative^ a little stimulative effect, since it cuts off 
a portion of the wave little below 600 and thus reduces the green. 

It may, therefore, be safety stated that the retarding effect is probably 
brought about b^^ the middle xDortion of the sx)ectrum tying between 500- 
600 wave lengths. 


Tabee VIII. Mean duration of the egg stage of A. prolettela under different 
colo'ilred screens in relation to the intensities of light. 


Colour of Screen 

Mean duration . 

( in days ) 

Percentage intensity 
of light. 

Mean duration 
corrected 
for intensities 

Red 

11.81 

47.6 

12.23 

Orange 

12.66 

69.2 

12.59 

Green 

12.64 

67.4 

12.61 

Blue 

12.59 

52.6 

12.90 

Violet 

13.49 

57.1 

13.70 

Yellow 

13.12 

76.7 

12.88 

Colourless 

13.34 

92.1 

12.76 


S. E. ± <>178 


The stimulative effects of the red and blue also suggest that the 
relativety low transparency under these screens might as well be a contri- 
butive factor in affecting the ra]3id development. This, however, is almost 
within ex^Derience because, it has been observed in nature that the immature 
stages of white-flies alwa^^s predominate in the middle region of the host 
plant and out-number those which are found in any other part. The shade 
in such circumstances probably encourages a quick development. 

vSome experimental evidence in this respect, however, may be noticed 
from the figures of the egg stage in A. proletella, when the mean durations 
are corrected for the intensities as given in Table VIII. These corrected 
figures result in slightty smoothening down the arrangement of the colours. 
Thus, the corresponding intervals were more 01 less in the s^Dectral order, 
except that the yellow and green change their respective positions. 
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Duration of the nymphal stage. — The above, explanation also throws light 
on the observations on the duration of nymphal stage mider the influence 
of various screens. Still, as the effect of the blue screen in this case shows 
a slight shifting of the curve towards the violet, , yellow and colourless, 
it seems likely that the retarding effect extends over a wide range towards 
the shorter wave lengths and may be roughly from 450-600. 


VII. Summary and Conclusions 

Since the relationship between insect multiplication and the spectral 
components of light deserve some investigation, the problem was taken 
in hand with two common species of British white-flies, namety, Aleurodes 
proletella Tinn. and Trialeurodes vapor ariorum (Westwood). 

The technique adojited in carr^dng out these experiments is described. 

The results have shown that oviposition is highest midei yellow screen; 
the colourless and violet approaching very near to it in this respect. 

The shortest durations of the egg and n^miphal stages are noticed 
under the red screen against the longest duration under the colourless, 
3^ellow. and violet. The orange, green and blue screens are intermediate. 
The emergence of adults, on an average, is sjiread over a longer period 
mider the ^^ellow, colourless and violet screens. 

The results of the present investigation are in general harmony 
with Kogure’s conclusions. In all these experiments, the effect of the red 
screen has been invariably distinct and its position formed one extreme. 
The colourless, 3^ellow and the. violet have been alwa^^s near one another. 
Their association has been confirmed even in their divergent effects as 
noticed separately under oviposition and development. Orange, green 
and even the blue maintain the middle position. 

It is concluded that the retarding effect is probably brought about 
by the middle portion of the spectrum and extends roughly between 450- 
600 wave lengths. Taking the spectrum as a whole, it has been observed 
that none of the coloured screens has been, in any. way, totally detrimental 
to the insect multiplication. It is, however, presumed that the results of the 
various coloured screens are manifested by the combined effects of the 
wave lengths and the relative intensity of light transmitted through them. 
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SHORT NOTES AND EXHIBITS 

A fresh cycle of the desert locust in India 

I reported in this Journal last year [2 (2) : 241, 1940] that a fresh cycle 
of the desert locust had started in India in the last autumn. The situation up- 
to-date (15. IV. 41) is briefl}^ described below: — 

The swarms remained active up to the beginning of January, 1941. The last 
report was from the Toralai district of Baluchistan. A thorough survey of the 
various areas in north west India, which had been visited by the swarms, was 
made during the winter to determine the localities where locusts were overwinter- 
ing. It was found that the locust overwintered in appreciable numbers in the 
coastal areas of Baluchistan (Mekran) and the interior of Kachhi and Jhalawan 
parts of the Kalat State. There was a slight concentration in the Bikaner State 
in Rajputana also. There was a thin population in all the other desert areas. 
The highest population observed in Mekran was about 26,000 per sq. mile, whereas 
in Kachhi it was 80,000 per sq. mile. In the spring, the locust became active 
again and a large number of females were destro3"ed in the areas mentioned 
above. The survivors laid eggs and hoppers were noticed early in March in 
appreciable numbers on Gwadar reks and in cultivated fields near Suntsar 
in Mekran. In Kachhi area, hoppers appeared about the end of March. About 
50% of the advanced stage were of gregarious phase. Suitable control measures 
were taken to destroy the hoppers to prevent incipient swarming. 

Light spring-breeding also took place in Bikaner and suitable measures 
were taken to destroy’ the pest. It is also of interest to record that locust- 
breeding also took place in the Muscat State in Arabia and adult locusts migrated 
into Mekran in March, thus augmenting the original population of the locust 
in that area. 

New Delhi Hem Singh Pruthi 


A biological note on Chilomenes sexmaculata Fabr. 

The writer studied the life-history of Chilomenes sexmaculata Fabr., a well I 

known predator of Aphis lahnrni, Aphis gossypii, Rhopalosiphimi psendobrassicce, j 

Macrosiphtwi granarinm, M. solidaginis, and Aphis maidis at constant tempera- j 

tures of 50°F., 64°F., and 77°F., and at room temperature (mean being 68®F. | 

from 15th Januar}^ to the end of February, 1941). 

The adults copulated 3-4 days after emergence and unless the beetles were 
fully fed they- did not copulate. The duration of copulation varied from half ' 

an hour to two hours and was repeated at frequent intervals before the female 

began to oviposit. The pre-oviposition period was about six hours. The maxi- ; 

mum number of eggs laid by a single female over a period of seven days was V; 

231 ; the number of eggs laid at one time being 43-108. The average duration of h 

adult's life varied from 7 to 14 days. Starved beetles lived for 4 da^^s onl3^ The 

average number of aphids [Macrosiphum granarinm) eaten by the adult per day c 

was 44. The beetles neither fed well nor oviposited, at constant temperatures 

of 50°F., or 64°F. I' 
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The cigar-shaped eggs were laid siiigl}^ or in longitudinal rows, varying 
from 4 to 14 in each. The incubation period was i or 2 days at 77°F. and 3 to 
5 da^^s at room temperature. 

The larval life occupied 10 to 12 da^^s at 77°F. and 13 to 15 at room tempera- 
ture (average of 12 observations). The grub underwent three moults. The 
number of aphids {M aero sip Jmm granarium) eaten by a grub was 456 at 77 and 
310 at room temperature (average for 12 grubs). The grubs, however, did not 
survive for more than 4-5 days at temperatures below 64°F. 

The pre-pupal stage lasted for 24 to 36 hours, and the pupal stage for 4 
to 6 days at room temperature and 3 to 4 da3^s at 77°F. The whole life-cycle 
took 17 to 20 da3'S at a constant temperature of 77°F., and 23 to 30 days 
at room temperature. If food was scarce, the beetles and the grubs exhibited 
cannibalistic tendencies. 

Nexo Delhi C. N. Modawau 


A note on two species of Embioptera from Delhi 

The writer recentl}' collected two species of winged Embiids, Parembia 
' valida (Hagen) and Oligotonia nigra Hagen, from Dellii. P. valida was collected 
on wing towards the evening and O. nigra at light. ' 

The first record of P. valida was a female specimen from Ambala collected 
by the Rev. C. C. Carleton, and provisional!}^ described by Hagen as Oligotoma 
valida, McLachlan [Zool. Rec., 259,1883,), however^ believed this to be the female 
of Oligotoma michceli McEachlan. Hagen, in his monograph of Embiids 
' [Canad. Ent., 17 : 150,1885), accepted this view. Davis' recent re-examination of 
the specimen preserved in the Museum of Comparative Zoology, Harward College, 
has revealed that it is not 0 , michceli McL., but is conspecific with Emhia major 
Imms {Trans. Linn. Soc. London, 11 : 167-195, 1913)^ He, therefore, holds 
[Proc., Linn. Soc. N. S. Wales, 64 (5-6) : 474-482, 1939] that Imms' major will 
have to be replaced by Hagen's valida. Davis erected a new genus, Parembia, 
for the three Asiatic species of Embia and this species should now be called 
Parembia valida (Hagen) . 

P. valida has so far been recorded from Kumaon hills and Ambala. The 
present record extends its range to Delhi. Further, it is interesting to note 
that Needham's figure of Embia sp. from Rameswaram {Rec. Indian M^is., 
'3 : 193, pi. 20, fig. 13, 1909) agrees with P. valida. 

■ So far, the only record of 0 . nigra from India is a male specimen collected 
from Ambala by Rev. C. C. Carleton, identified by Hagen as 0 . michceli McL. 
Its correct identity was revealed by Davis. 

0 . nigra Hagen has been recorded -from California, Arizona, Egypt, Arabia,' 
Palestine, Iraq and India (Ambala only). The present record confirms its dis- 
tribution in India. Needham's figure of Embia sanndersi [Rec. Indian Mits. 
•3 , pi. 20, fig. II, 1909) agrees with 0 . nigra Hagen. The locality of this insect, 
is not given by Needliam, but Annandale remarks in a footnote that this species is 
often found in Calcutta at night on white-washed walls illuminated by lamps. 

New Delhi R. Menon 
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New -host plants of some Indian insects of economic importance 

The following is a list of host ]Dlants of some important insects observed 
at Delhi during the past three years and not recorded so far from India: — 


Name of insect 

New food-plants 

Season 

Arctiadae 



Utetheisa pulchella (Dinneeus) 

H eliotropmm eichiwaldii, 


Heliotropuim undidatnm, 
Trichodesma indicnm 

Winter 

Noctuidae 

Laphygma exigna (Hiibner) 

Basella rubra. 

Autumn 


Digera arvensis, Ipomea 
pestigridis, Commelina 
bengalensis, Tribulus 
terrestris, grape-vine, 
plum, almond, Trichosanthes 



dioica, groundnut. 

Summer 


Avena sativa. 

Winter 

T athorhynchns exsicatta Leverer 

Phaseolus radiaUts 

Summer 

Anticar sia irrorata (Boisduval) 

Vigna catjang, Phaseolus mungo. 

Summer 

Amyna octo Guenee 

Apple, Digera arvensis, 



Vigna catjang. 

Summer 

Anomis invoUita (Walker) 

Medicago sativa. 

Autumn 

Mods nndata (Fabricius) 

Medicago sativa. 

Autumn 

Heliothis peltigera Schiffermiller 

Ocimuni sanctum 

Summer 

Enhlemma parva (Hfibner) 

Safflower 

Winter 

Lymantriadae 

Dasychira seciiHs (Hubner) 

Luff a aegytiaca, Sesamum 



indicum. 

Summer 

Lcelia tcstacea Walker 

Castor 

Autumn 

Enproctis varians Walker 

Vigna catjang 

Summer 

Pyraeidae 

Phlyctaenodes nndalis (Hubner) 

Brinjal 

Autumn ^ 

Dichocrocis punctiferalis (Guenee) 

Hollyhock 

Autumn 

Dycaenidae 

Zizera lysimon (Hubner) 

T rihulus terrestris 

Summer 

Sphingidae 



Celerio lineata (Esper) 

Thevetia neriifolia 

Autumn 

Anthomyidae 

Atherigona bitnberculata Malloch 

Paspahim sang^dnale 

Summer 


New Delhi 


Mohan Singh 
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Aspidiotiis destructor a pest of mango at Jammu (Kashmir) 

Aspidiotus destructor Sign, recently appeared as a serious pest of ^ mango 
seedlings in several nurseries at Jammu. This scale-insect has been previously 
reported from several parts of the world, chiefi}^ as a pest of coconut. 

At Jammu, the female scale la^^s about thirt}' eggs, the n3miphs hatching, 
therefrom crawl over or are carried b^' wind to healthy plants. Infestation takes 
place mostl}^ on the underside of mango leaves. The scale insects are most active 
during summer, and hibernate during winter. The most effective control measure 
for this pest is spra3dng the infested plants with kerosine-oil emulsion about the ‘ 
end of November. Removal of slightl3^ infested twigs is also useful. Natural 
enemies, some Chalcidoid parasites, take a fairh^ heav3' toll of the pest, but do 
not appear to ehectivety check its spread in nature. A local variet3^ of mangoes, 
viz., kattha, is not much attacked b3^ this species. 

Srinagar R. M. Fottpar and A. P. Kapur 


Tonica niviferana Walker (Oecophoridae) in the Punjab 

A few larvae of Tonica niviferana were found damaging leaves of 
silk-cotton tree {Bombax malabaricim) in the month of March. This is probably 
the first record of this species from Lyallpur. 

Ly allpur ^ Khan A. Rahman 


Pediculoides ventricostis Newport, as a parasite of Platyedra gossypiella 

The double seeds of cotton obtained from Ludhiana (Punjab) for pink boh- 
worin studies were found to be invariabL^ infested b3" this parasitic mite. Because 
of the attack' of this mite, the pink bollworm larvae of at first become sluggish, 
gradualL^ shrivel and die. The mite thrives best at 27°C., and thus proves a 
great nuisance in breeding i^ink bollworm larvae. This is 'also injurious to the 
larvae of Chilo simplex, but those of Sylepta derogata are comparative^^ immune. 
At room temperature at L3mll2Dur the mite dies off b3' the end of April or 
beginning of Ma3^ 

Lyallpur A. N. Sapra 


Observations on Silvanus surinamensis Linn. (Cucujidae) 

This species is commonly found in the Punjab, infesting stored products 
such as dates, apricots, grapes, figs, melon, maize, jo'war, rice and wheat. 

The freshly laid eggs are white in colour and take 7-9 days to hatch. The 
yellowish-white larva undergoes 4-5 moults and is full grown in about 36 da3^s. 
Pupal stage occupies a week. The adults live for 2-5 months. A single female 
lays as man3^ as 85 eggs. Oviposition period in some cases is as long as two 
and a half months. The larvse are parasitized b3^ Cephalonornia tar sails Ashm. 

Lyallpur Gurcharan Singh Sohi 
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Psorosticha zizyphi as a pest of Citrus in the Punjab. 

Larvae of Psorosticha zizyphi stainton were reported doing damage to dims 
plants in the nurser}^ at the New vSeed Farm, vSargodha during 1940. The larvae 
feed inside rolled leaves of young plants. This is the first record of this species 
in the Punjab. Two h3mienopterous parasites were bred from the larvae. 

■ Lyallpnr M. A. Ghani 


Some host-plants of Phytomyza atricornis (Meig.) in the Punjab. 

In addition to the hosts alread}^ recorded in this Journal [2 (i) : 95, 1940,] 
this species has been reared from the following plants at Iwallpur: — 

Pisnni sativtim ; Sonchns asper, Sonchus oleracens Brassica rapce ;* Laiincea 
aspleniifolia ] Gaillardia sp. ] Melilotus parviflora \ Chrysanihemmn sp. and 
parvifiora. 

Lyallpnr M. A. Ghani 


RECENT RESEARCH 

Insect outbreaks in Europe 

Carpenter {J , Anim. EcoL, 9 : 108-47, ^ 940 ) used a ver^^ ingeneous 
technique for studying the fluctuation trends of insect-population of Europe. 
A large number of insect-outbreak records of Europe have been examined to 
determine if the outbreaks can be regarded as normal fluctuations in population 
numbers, considering the individuals of all species of a large area as members 
of one population. The data for the different natural vegetation regions of 
Europe were separatel}^ anaWsed and those of the deciduous forest area, owing 
to their huge size and number, w^ere further sorted out for smaller regions, into 
which this area could be divided. After sorting out, classifying and weighing 
these data to a certain extent on the basis of comparative importance, the total 
number of annual outbreak reco^rds in one biogeographic unit has been used as an 
index of population level for the 3^ear. This index, plotted against time 
abscissa for each region or sub-region separately, showed a striking general 
agreement in the fluctuation patterns. Although each region shows certain in- 
dividual characteristics, a remarkable S3mchronism is apparent in certain master 
trends, showing a general reaction in time of the entire insect-population of the 
continent as a whole. However, no regular periodicit3" is evident and the 
major species mainH responsible for the peaks differ from peak to peak and 
region to region, S. P. 
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Influence of hosts on parasites 

There is a considerable amount of literature on the influence of parasites 
on hosts, but the problem of the influence of hosts on parasites has received 
some attention only recently. In 1936, Marchal [Ann. Epiphyt. Phytogen., 2 : 
447-550) showed that Trichogramma caccecicB is so much influenced by its host, 
Caccecia rosana^ that its emergence is delayed by 7-8 months. A year later, Salt 
[Parasitology , 29 : 539-553) noted that the host, Sialis so intimately affected its 
parasite, Trichogramma semblidis, that it completely altered the facies of its male 
sex. Recently, Salt [Proc. R. ent. Soc. London, 15 : 81-95, 1940) has studied 
the influence of Sitotroga, Ephestia and Agrotis on- Trichogramma evanescens 
and obser\^ed that the size, vigour, fecundity, longevity and rate of develop- 
ment of this parasite are affected by the respective hosts. Further, the host^ 
through its effects on the size of the parasite, influences the behaviour of the 
female parasites in selecting hosts for their progen^^ This raises a matter of 
fundamental importance with regard to the conception of biological constants. 
The study shows that in the case of Trichogramma and probably also other 
parasites, the host is one of the effective characters and must be studied before 
the biological constants relating to the parasites can have any general validity. 

H. S. P. 




Sunspots and insect outbreaks 

Sunspot number is a relative figure obtained by an arbitrary formula 
indicating solar-spottedness from time to time, with the help of which it is possible 
to identify epochs of maximum and minimum solar activity. It is believed by 
some workers that fluctuations in numbers of animals are associated with numbers F- 
of sunspots. MacLagan [Proc. U^iiv. Durham phil. Soc., 10 (3) : 173-99, 1940] 
has studied the correlation between sunspot numbers and insect incidence in the 
case of six species. The data have been collected from all the available past 
records of major insect outbreaks in Britain. The average of the intervals 
between successive outbreaks of a species comes to about eleven years, which 
shows a striking parallelism to the well established ii-year sunspot cycle. The 
majority of the insect outbreaks are found to have occurred within 5-year periods, >- ' 1 

commencing 3 3'^ears previous to the sunspot maxima and ending one year after it. 

This crowding together of epidemics within 5-year periods is significantly different 
from what can be expected on the basis of random chronological distribution 
of epidemics. Moreover, each species shows its own specific phase-relationship 
to the sunspot maxima, indicating the variety of ecological conditions presented 
by the environment in the different phases in the cycle of solar spottedness. 

The author tries to seek the explanation for these correlations, in a J % 

combination of some general climatic pulsations and variations in some little- 
known factors concerning quality and quantity of solar radiations which appear 
to be associated with sunspot q^’cle. . ' g. p. 
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On the physiology and toxicology of blowflies 

Although considerable work has been done on insect nutrition, practic-lly 
little is known concerning the details of digestion or the absorption of digested 
food-products. vSimilarly, the influence of the hydrogen-ion concentration of 
the gut-contents on digestion and absorption, including the absorption of the 
stomach poisons remains obscure. Recently some very interesting work has been 
done on the blowfly, Lncilia cuprina bj’ Lenox and Waterhouse {Court. Set. 
industr. Res. Australia, 90, 1939; 101 and 102, 1940). The object of their 
studies was to discover substances that may be used in the treatment of ‘strike’, 
to elucidate the mechanism of action of poisons, and the mode of their 
application. 

A synthetic medium for the aseptic breeding of the larvae consisted of 
yeast,' sodium chloride and agar or the white of an egg. The measurement of the 
growth of the larv^ was done photographically, as they were being reared in 
flat-walled bottles. The action of certain stomach-larvicides showed that the 
growth-retarding influence of the poison is diminished by the increase in the 
nutritive properties of the synthetic media. The rate of mortality of partly grown 
larvae, after transferring them to poison-impregnated media indicated that the 
mortality-rate increases with concentrations of poisons, but decreases with the 
age of the larva. Growth retardations are compared with the mortality rate for 
ineasuring the stomach toxicity by using a number of chemicals. Nicotine, 
pheno-thiazine and arsenic, as well as selenium compounds proved most toxic. 
Methelene blue and a variety of dye stuffs of tri-phenyl-methane group were 
most effective. 

The toxicity of some arsenicals to the larvae showed that they could be 
divided into two groups in order of decreasing toxicity. The highly toxic 
compounds included barium arsenite, calcium arsenite, arsenic acid, paris green 
and arseneous oxide, while arsenates of zinc, aluminium, lead and calcium wem 
moderately toxic. The action of contact larvicides, inorganic acids and alkalis 
seems to depend on ' their hydrogen-ion and hydroxyl-ion concentrations 
respectively. 

Aliphatic halogenated and aromatic hydrocarbons are exceptionally potent, 
and in the normal aliphatic alcohols or fatty acids the toxicity increases as the 
carbon chain lengthens within the homologous series. Isomeres of alcohols 
and acids are less toxic than corresponding normal compounds. Aqueous solutions 
of free base nicotine are considerably more toxic than solutions containing nicotine 
as sulphate. Of essential oils, car.x.vay, dill, mustard, thyme, etc., are most 
toxic. Lipoid solvants are highly toxic, as they are thought to function by dis- 
solving the outermost cuticular layer. 


The alimentary canal of nine species of blowflies showed, that in the 
larvae the hydrogen-ion concentration of the gut-contents was the same as that 
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of the medium on which -they were grown. In the adults the hind gut-contents 
were more acidic than in the larvae. 

In the larvae of a number of species, the absorption of iron occurs 
in a region which has fairly • constant pl-l range. In the iDrepiipal 
and pupal periods, iron is transferred to nephrocytes, fat bodies, and developing 
wing-and leg-rudiments. In the adult, iron accumulates in fat bodies and later 
appears in the oocytes during the earlier stages of egg-development, but 
disappears at maturation. Throughout development, the iron-concentration 
remained approximately constant between 3 and 4 milligrams per cent of live 
tissue. P. J. D. 


Termite intercastes 

Besides the normal alate reproductives, soldiers and workers, certain indi- 
viduals known as 'Inter castes’, are sometimes found in a termite colony. Such 
intercastes have been recorded in some species of Kalotermitidae, in Reticnlitermes 
tibialis Banks (Rhinotermitidae), N as'Utitermes {N asutitermes) myersi Sn3^der, 
and Ah (A^.) similis Emerson (Termitidae) . The intercastes are mostly members 
of one caste, possessing a few unimportant features of another. For example, the^^ 
may be soldiers with wing-buds (reproductive-soldier intercastes) as in the 
Kalotermitidae or forms combining the characters of soldiers -and workers 
(soldier-worker intercastes) as in the above-mentioned species. 

Adamson’s recent records [Proc. R. Soc., (B), 129 (854) : 35-52, 1940] of 
two cases of intercastes in N asutitermes {N asutitermes) guayance (Holmgren) and 
Microcerotermes arbor eus 'Emerson (Termitidae) are of great interest, in view -of 
the fact that such intercastes are so far known to occur onl}^ in the primitive 
Kalotermitidae only. According to him, the intei caste of N. (Ah) gtiayance 
appears to be so unique in the possession of several important characters of two 
castes, that it cannot be readily assigned to one or the other. Its head is pre- 
dominently that of a nasute soldier, but it bears the compound e^^es and ocelli 
of the reproductive caste, the characters of which predominate in the thorax 
and abdomen. The two specimens of intercastes of M, arhoreus are soldiers, 
with rudimentary wings and with the vestigial compound eyes more highty 
developed than in a normal soldier. 

These rare types of termite intercastes are believed by Adamson to have 
been produced under peculiar environmental influences and are not due to 
changes in genetical constitution. The author also supports the views of 
Emerson and others that the worker caste arose phylogenetically from the 
soldier and not directl}^ from the reproductive caste. R. M. 

A biological campaign against prickly-pear 

One of the most remarkable examples of biological control of a weed is 
that of the -phenomenal control of the prickly-pear weed in extensive 
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areas of N. E. Australia the use of some beneficial insects, especiall}^ the moth, 
Cactohlastis cactortmi Berg. The campaign was started in 1921 and has been in 
progress for about 20 years. Dodd [Herbage piibl Ser. BzdL, 27 : 131-143, 1940) has 
recently described all the steps which contributed to the success of the 
control methods. 

The problem of prickly-pear in Australia can be stated briefly as that of a 
vigorous, rapidty spreading weed, occupying very large tracts of grazing country, 
where mechanical and chemical method of eradication were economicalty im- 
practicable. Of the different species of the weed, Opuntia inermis and Opnntia 
stricta assumed major status and from 1908 onwards they spread very rapidly, 
occup3dng roughly 60 million acres in 1925- From 1921 onwards, numerous 
insect enemies were introduced, including the moth borer Olycella, the plant- 
sucking bug Chelinidea and the Cochineal Dactylopius. In 1925, the moth 
Cactohlastis casiorum was introduced and mass-scale rearing of it was started. 
Since 1928 the moth had multiplied rapidly and the general destruction of the 
prickly-pear started. By about 1940 the major prickly-pear pest was almost 
complete^ controlled and extensive areas reclaimed and brought into production. 
The conquest of prickly-pear has been due almost entirely to this remarkable 
insect. Its introduction brought complete change in the outlook within a few 
years. Its progress has been spectacular ; its achievements border on the mira- 
culous. Great tracts of country, utterty useless on account of dense growths 
of the weed, have now been brought into production. The prickly-pear territory 
has been transformed, as though by magic, from a wilderness to a scene of 
prosperous endeavour. 

Cactohlastis cactoriim is a native of Argentine and the adjacent parts of S. 
America. The larvae are gregarious, tunnelling in the segments and stems of 
prickly-pear, and reducing the plants to a rotting mass. One consignment onty 
containing 2750 eggs was introduced into Australia, from Argentine in 
March ^ 1925. After being reared in cages through two generations, the small 
original number had multiplied to 2,540,000 by March, 1926. 

This interesting publication gives a very good idea of the various factors 
influencing biological control measures ■^*>r different pests, both plant and animal. 

T. V. R. 
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NEW BOOKS AND MONOGRAPHS 


The Francis Walker types of Trichoptera in (he British Museum.. By Cornelius Bebten and M. E. 
Mosely. Pp. ix-|-248. London : British Museum (Natural History), 1940. Price los. 

4. general Zoology oj the Invertebrates. By G. S. Carter. Pp. xxxviii-f-oOO ; 13 pis., 172 iigs. London: 
Sidgwick & Jackson, 1940. Price 25.s. 

Entomophagous Insects. By C. P. Clausen. London : Mc-Graw-Hill Book Co., Inc. 1940. 
Price S7.00. 

Plant Galls and Gall Makers. By E. P. Felt. Pp. viiid-364 ; Pis. 41, iigs. 344. New York: 

Comstock Publishing Co., Inc., 1940. Price $4.00. 

Fleas of Eastern United States. B}- Irving lYx. Pp. vii-|-l9l ; pis. 31, figs. 166. Iowa : 1940. 
Price .$3.00. 

Insect Pests of Burma. By C. C. Ghosh. Pp. xv-}-216. ; 87 pis. Pvungoon : Government Prin- 
ting and Stationerj^ Burma, 1940. Price Bs. 5-10. 

The Orientation of Aiiimals. By S. Gollfried et al. Pp. viii-f 352 ; pis. 10. Oxford : 1940. 
Price 21s. 

Insect Pests in Stored gorodticts. By H. Hayhurst. Pp. xii-f 83 ; 49 pis. London ; Chapman & Hall, 
1941. Price los. 

New Bilingual Catalogue of the British Lepidoptera. By I. R. P. Heslop. Pp. 132. Cambridge : 
AV. Heffer & Sons, 1940. Price 6s. 

Evolution: The modern synthesis. By Julian Huxley. London : G. Allen & Unwin, 1941. 
Price 7s. 6d. 

Embryology of Insects and Myriapods. Bv 0. A. Johannsen and F. H. Butt. London: McGraw- 
Hill Book Co. Inc., 1940. Price $5-00, 

Insect Pests of Farm, Garden and Orchard. Bv L. M. Pears. (Fourth edition). New York : John 
AViley & Sons, 1940. Price $4.00. 

The Virus: Life’s enemy. By Kenneth M. Smith. Pp. vm4-176; 9 pis. Cambridge: University 
Press, 1940. Price 7s. 6d. 

The Male Genitalia of Hymenoptera. By R. E. Snodgrass. Smithsonian Misc. Coll. Publ. No. 
3599. Pp. 86; pis. 33. AVashingbon: Smithsonian Institution, 1941. 

Compendium of entomological Methods. Part 1. Collecting Mayflies {Ephemeroptera). By 
J. R. Traver, Pp. 8, illus. New York : Rochester, AVard’s Natural Science Establishment, 
Inc., 1940. Gratis. 

The Fauna of British hidia. Diptera. A^ol. 6: Family Calliphoridae. By R. Senior- AA^hite, Daphne 
Aubertin and John Smart. Pp. xiii-f 288. London : Taylor & Francis, Ltd., 1940. Price 18s. 

Animal Biology. By Robert H. AYolcott. (Second edition). Pp. xxi+649. London : Mc-Graw- 
Hill Book Co., Inc., 1940. Price 24s. 6d. 


INSECT PESTS OF BURMA 

Mr. C. C. Ghosh has rendered valuable service to agriculture in Burma 
by publishing a treatise on the common insect pests of that countr}^ indicating 
the methods for their control. This book is based on Mr. Ghosh's fifteen years' 
experience in Burma and on nine years' work of his predecessor, Mr. Shroff. 
A very useful and important feature of the book is the numerous colour plates, 
which illustrate the nature of damage and life-histories of various pests. Almost 
all the colour illustrations are reproductions of those originally published 
by the Imperial Agricultural Research Institute, Pusa (now at New Delhi). 

The book is admittedly meant for general readers, students and educated 
cultivators. Serious students of entomology should not, therefore, complain 
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if they find numerous errors of academic interest. Very few entomologists now 
follow the Linneean system of insect classification advocated in 1758, which has 
been adopted by Mr. Ghosh. Further, in the case of several genera and species, 
the names given are those which were discarded long ago, e. g', Ripersia instead of 
Trionymus (p. 87), Agromyza instead of M elanagromyza (p. 105), Pectinophora 
instead of Plaiyedra, etc., etc. On page 7, the word "aphis” has been used for 
all aphids, whereas actually Aphis is a distinct genus in the family. In some 
cases, scientific names have been omitted altogether. The generic nomenclature 
of the tobacco leaf-caterpillar is followed differently in the description and its 
illustrations. 

We ver}" much regret that the value of the book is marred by the careless- 
ness on the part of the press. There are numerous press mistakes, as well as 
errors in proof-reading. 

pointing out the errors mentioned above, we have no intention of showing 
that the book is not valuable. We trust that the errors will be corrected in the 
next edition. The book forms a part of the useful series, of which Fletcher's 
‘.‘South Indian Insects” was the beginning, and we hope that entomologists of 
other provinces will also prepare similar accounts of the insects of economic im- 
portance of their areas. 

H. S. P. 


NEWS AND ANNOUNCEMENTS 


Mr. P. V. Wagle has been appointed Acting Professor of Entomology, Agricultural College, 
Poona, vice Dr. V. G. Deshmukh on leave due to illness. 

Dr. T. V. Ramakrishna. Ay^^ar is engaged on the revision of H. IM." Lefroy’s “Handbook of 
Indian Crop Pests,” He has been visiting several parts of India -with a Anew to gathering up-to- 
date information about the control of various insect pests. 

The Imperial Council of Agricultural Research have appointed a Standing Committee of 
Entomologists for considering all schemes dealing with insects. 

Dr. Abdullah Shah, Ph. D. (Durham) has been appointed Second Assistant Professor of 
Entomology, Punjab Agricultural College, LjMlffDur. 

The Entomological Section of the Department of Agriculture, Baluchistan, has been revived. 

Dr. Iv. B. Lai, M.Sc., Ph.D. (Edin.), Second A.ssistant Entomologist, Imperial Agricultural 
Research Institute, New Delhi, Secretary, Entomologial Society of India, during the past three 
years, has been appointed Entomologist to the Government, United Provinces, Cawnpore. 

The Natural Histor^^ Museum of Stanford UniversitA' of California has started a new 
journal entitled M icroe7iio?nologg\ in Avhich detailed external, morphological accounts of 
consolidated types are published. Five parts of the journal have already appeared. 

We regret to record the foIloAving deaths : — 

Dr. F. W. EdAA\ard.s, ISl.A.. Se.D, (Cantab.), F.R.vS., Entomological bepartment, British 
Museum, (Natural History,) London, on November 15, 1940. Born in 1888, started taking interest 
in insects at the early age of 4 under the influence of his ■ mother. Educated at Cambridge 
throughout his educational career and started entomological studies under Dr. David ShaAv 
and Sir Arthur Shipley. Joined the British Museum in 1910, Authov of about .350 papers, and 
one of the foremost experts in the systematics of mosquitoes. Elected FelloAV of the RoyaV 
Society in 1938. 

Dr. C. W. Long, on January -5. 1941. Age 81. Secretary, Entomological Society of Ncav 
York for 18 years; Dirootor of the ^luseum, Staten Island, New York, Avell-known for his 
catalogues on Coleoptora and some other groups. • 
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PROCEEDINGS OF 

THE ENTOMOLOGICAL SOCIETY OF INDIA 

Minutes of the third' annual general meeting 

The third annual general meeting of the Entomological Society of India 
was held at Benares on the 3rd January, 1941, at 2-30 p.m. In the absence of 
the President (Dr. Hem Singh Pruthi) Dr. N. C. Chatterjee, one of the Vice- 
Presidents, took the chair. 

The minutes of the second annual general meeting held at Madras were 
read by the Secretary and confirmed. 

A report on the working of the Society during 1940, including a statement 
on the financial position of the Society and the report of the auditor thereon, 
was read b}' the General Secretary and adopted unanimousty (apjoended herewith). 

The House discussed some modifications in the Rules of the Society, sug- 
gested by the President, the Chief Editor and the General Secretary, and 
submitted by the Executive Council with its own remarks for consideration. 

The House accepted unanimousty the following proposal by the President, 
and recommended b}^ the Executive Council, for incorporation in the Rules : — 

“The accounts of the Society shall be in the names of the General Secretary and the 
Treasurer and the latter would make payments endorsed b}’’ the General Secretary and the 
Managing Editor, respectively, in resjDect of bills not exceeding Rs. 10. Bills for sums in excess 
of this amount shall be jointly endorsed by the General Secretary and the President or the 
Managing Editor and the Chief Editor, as the case may be, before they will be valid for payment 
by the Treasurer. The General Secretary and the President will endorse bills pertaining to the 
administration and other general matters of the Society ; the Managing Editor and the Chief 
Editor pertaining to the Society’s publications.” 

The House unanimousty accepted the following proposals by the Chief 
Editor and recommended by the Executive Council : — • 

“ The President of the Society shall be ex-officio member of the Editorial Board. 

The offices of the General Secretary and the Managing Editor shall be held by two indivi- 
duals and the latter shall be elected b}^ the Editorial Board from among its members.''’" 

The number of members of the Editorial Board shall be raised from six to eight. 

Interim vacancies in the Editorial Board shall be filled up by the remaining members of the 
Board itself as in the case of vacancies in the Executive Council.” 

The House unanimousty accepted the following proposal by the General 
Secretary and recommended b}^ the Executive Council : — 

“The Executive Council may permit an Ordinary Member to hold his membership in abeyance 
for a specified period, during which he need not pay any subscription and will not receive the 
pubfications of the Society. On the resumption of his membership such a member will not have 
to pay any admission fee.” 

The House accepted by a majority the following proposal by the General 
Secretary (discussed and forwarded by the Council); — 


This rule has been kcx)t in abeyance this year. 
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“The annual subscription payable b}^ Ordinary Members shall be Rs. 10. The annua 
subscription of Fellows, if any, shall be Rs. 12/8.” 

The House unanimously accepted a recommendation of the Executive 
Council to the effect that the consideration of the question of “Fellows” shall 
be deferred to the annual general meeting of the Society in 1943. 


The General Secretaiy read out the names of the following members who 
had been duly proposed and elected for the various offices of the Society : — 


President for 1941 
Vice-Presidents for 1941-42 

General Secretai*}" 

Joint Secretary & Treasurer 
Councillors 


Dr. T. V. Ramakrishna Ayyar, Coimbatore. 
Dr. N. C. Chatter jee, Dehra Dun. 

Dr. Kdian A. Rahman, Lyallpur. 

Dr. Tasldiir Ahmad, New Delhi. 

Mr. H. E. Bhatia, New Delhi. 

Mr. J. C. M. Gardner, Dehra Dun. 

Mr. S. K. vSen, Mukteswar. 


Members, Editorial Board . . Mr. S. K. Sen, Mukteswar. 

Dr. K. B. Lai, New Deffii. 

Dr. T. V. Ramakrishna Ay^^ar moved votes of thanks to the outgoing Presi- 
dent, Dr. Hem Singh Pruthi, and to the outgoing General Secretary, Dr. K. B. Lai, 
for successfully carrying on the work of the Society during their tenures of office, 
which was unanimously carried. 


Genbrai. Secretary's report for 1940. 

At the end of 1939, the total membership of the Society was 88 Ordinary, 
2 Life and 2 Associate Members. During 1940, 19 Ordinary and 6 Associate 
Members were enrolled and an Honorary Member w^as elected. Three Ordinary 
and one Associate Members resigned their memberships of the Society 
and two Ordinary Members became Life Members. The total membership 
strength of the Society, therefore, at the end of 1940 was i Honorary 
member, 4 Life members, 102 Ordinar}^ and 7 Associate Members. 

The Societ}^ continued to maintain branches at L3"allpur, New Dellri, Pusa, 
Calcutta, Coimbatore and Karachi. Altogether 12 meetings were held under 
the auspices of the Societ}^ at its branch centres. 

The Indian J eternal of Entomology was published twice in the year as in 
1939. Twent3^-two institutions in India and fourteen abroad were registered as 
subscribers to the Journal. It is satisfactoiy to record that although the w^ar 
caused serious strain on the resources of the Society in publishing the Journal, the 
size and standard of the jpublication as a w-hole and its various features remained 
unaffected. 

The question of the election of Fellows of the Societ3^ a resolution to which 
effect had been passed in the annual general meeting at Lahore, in 1938, was 
again postponed at the last- annual general meeting at Madras. 

The following is a statement c-f the financial position of the Societ}’ for the 
period beginning with 29th December, 193Q and ending wuth 30th November, 
1940 


‘‘Indian J. Ent., 3 (1)” 


152 


The Entomological Society of India 


Income , 




Expenditure 




Previous balance 

1444 14 

0 

Printing of Journal 


D375 

6 

3 

Admission fee 

2S0 

0 

0 

Remuneration for 





l\lembers’ subscription 

i,oSS 

0 

0 

t3*ping, etc. 


50 

0 

0 

Subscriptions to the 




Postage at New Dellii 


III 

8 

0 

0 

Indian Journal of 




Branch Societies’ expenses 

22 

0 

0 

Entomology 

669 

15 

0 

Bank Commission 


12 

7 

0 

Donation 

100 

0 

0 

Stationer}* 


48 

II 

0 

Cost of reprints 

128 

3 

9 

-Miscellaneous 


48 

9 

0 

Interest 

10 

I 

0 

Balance to the credit 

of 




Advertisements 

57 

0 

0 

the Society as under 

: — 








Fixed Deposit in 









Bank 1000 

0 0 







Bank balance 952 

5 6 








Cheques in transit 55 

0 0 







Cash in hand 102 

2 9 

1 2,109 

8 

3 

Total Rs. 

' 3.778 

I 

9 

Total Rs. 

3.778 

I 

9 


The Societ^-’s funds are deposited in the Imperial Bank of India, New Delhi, 
^^ith Rs. 1000 in fixed-deposit and the rest in the current account. 

The Society’s accounts have been audited by Dr. Taskhir Ahmad, Assistant 
Entomologist, I.A.R.I., New Delhi, who was appointed for the purpose by the 
Executive Council. His remarks are as follows : — 

*‘I certify that I have carefully examined the accounts of the Entomological Society of 
India for the year ending 30th November 1940. The Society started with a sum of Rs. 1,444/14/- 
brought forward from last year. During 1940 its net income from subscriptions both from 
members and for the Journal, donation, etc., was Rs. 2,333/3/9 and the expenditure incurred 
totalled Rs. 1,668/9/6. The net balance to the credit of the Society to date is Rs. 2,109/8/3, of 
which Rs. 2,007/5/6 is in the Imperial Rank of India and Rs. 102/2/9 with the Secreta^ 3 ^ I have 
checked various sources of income and have scrutinised vouchers relating to different items of 
expenditure and find that the accounts have been kept in order. 1 have, however, to offer following 
remarks : — 

(i) It is noticed that some mofassil members in remitting their annual subscription by 
cheque to the Secretary do not include bank commission, with the result that the amount 
actually received in the Society’s account is short by */4/- or so in many cases. Attention of 
members should be drawn to remedy this discrepency in future. 

(ii) Certain sums of money are sent to or retained by Branch Societies for meeting their 
contingent expenses. These amounts should not be treated as expenditure but as advances which 
should be duly accounted for and balance, if any, should be shown to the credit of the Society when 
closing the accounts for the year.” 

Earh' in 1940, an application was made by the President to the Imperial 
Council of Agricultural Research for a grant-in-aid towards the publication of 
the Indian Journal of Entomology . I have pleasure in announcing that the 
Council has decided to give an annual grant of Rs. 500 for 3 years for this 
purpose. 

The Society has now completed four 3'ears of its existence. Its achievements 
in 1940 are to be judged not so much b}’ an increase in the number of its members 
and its income as b\’ its increased internal strength which the war has serioush^ 
touched but not harmed. While the membership of the Society should still 
increase, of greater imirortance is the continued interest of the members who are 
ahead}* in the Societ}* and the regularisation and establishing of the work and 
methods of proceedure of the Society, so that in ^^ears to come it ma}^ become 
a normally functioning unit and ma}" be able to bear any strain, financial or other- 
wise, to which it ma}* per chance be subjected. 
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DELHI BRANCH— NEW DELHI 


General 


2glh January, 1941 


Mr. Ramachandra Rao was elected President for 1941 and Mr. ]\Iolian vSingli 
Secretary for 1941-42 of the Branch Society. 


The annual report of the Branch Society for 1940 was adopted. Dr. I^al 
gave a brief account of the Annual General Meeting of the Society held 
at Benares. 


28///- February, 1941 

Exhibits 

Aspidioius destructor Sign., a pest of mango trees in Kashmir. First 
recorded in 1821 on coconut from Laccadives (India), this species is now 
known to be a serious pest of mango and palms. The other known host- 
plants are : Cassia sp., Solatium melongena, Tnmarindus indica, Carissa sp., 
Calotropis sp., Eugenia jambolana, Piper nigrum, Gelonium lanceolatum , 
Musa pardisiaca , Phoenix dactylijera and Ricimts communis — Y . P. Rao. 

Sycanus collaris F., predaceous on laiA^re of Maruca testulalis, boring into 
pods of Cajamis cajan, at Dehra Dun. Previously known to attack grubs 
of Calopepla leayana (Chrysomelidce), Hapalia maclmralis (Pyralidce) and 
Hyblaea puerd (Noctuidee) — ^I. BosE. 

Hemimerus deccptus var. ovatiis, (Heniimeridae : Dermaptera) collected 
at i\Iorrogoro in Tanganyika, East Africa. Considered to be an ectoparasite 
of the farm rat, Criceto^nys gambiense, but is probably a case akin to sym- 
biosis. The species also feeds on the fungal spores growing on the body 
of the rodent and its excreta — P. J. Deoras. 

Chcetocnema concinnipennis Baly, a pest of paddy seedlings — M. Bose. 

Communication 

A note on the biology of Chilomenes sexmaculaia Fab. — C. N. Modawal. 

Discussio7i 

On the rearing of mosquito lar\^ae — I. M, Puri. 


16th March, 1941 

General 

Dr. T. V. Ramakrishna Ayyar, the President of the Society, gave a general 
address to the members of the Branch Society, on ‘Insects and man.’ 
He explained the important position insects occupy in the animal kingdom 
and the ignorance hitherto displa3^ed by educated people regarding even 
common insects and their economic importance. 


yd May, 1941 


Exhibit 

Modified fly traps— Arj.ax Singh & P. J. Deoras. 
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Communications 

Two species of Embioptera from Delhi — Rai\idas Menon 

New host-plants of some important insects — Mohan Singh 

Some new Indian parasitic Hymenoptera — M. vS. Mani 

Notes on some Indian parasitic Hymenoptera — E. S. Narayanan 

Studies on Indian Copeognatha (Psocoptera) — Ramdas Menon 

BENGAL BRANCH— CALCUTTA 

gth December, 1940 

Communication 

Mr. R. Senior White, Malariologist, B. N. Ry. Co. Ltd., gave a lecture on 
"Malaria Vectorial capacit}^ of mosquitoes as a test of species purit}^". 
Lively discussion followed and Mr. White answered various questions.. 


BIHAR BRANCH— PUSA 


General . 


r[th May, 1941 


Mr. L. N. Nigam, Sugarcane Ivntomologist, Bihar, was unanimously elected 
President for 1941 and Mr. A. C. Sen, Secretary for 1941-42. 

The annual report of the Branch Society for the year 1940 was adopted and 
the President circulated to members the report on the main affairs of the 
Societ}^ for the period, January to April, 1941. 

Resolution 

Resolved that efforts should be made to enlist mofassil entomological workers 
particularly those stationed at Namkiim (Ranchi) to become members 
and take iDart in the meetings of the Branch Society whenever possible. 

Communication 

Some observations on sugarcane pests in South Bihar — A. C. Sen - 


THE PUNJAB BRANCH— LYALLPUR 


lytJi December, 1940 

Exhibit 

Parasites of ber leaf caterpillar — K. N. Trehan 
Comimmication 

Influence of stripping of sugarcane on the incidence of Pyrilla — Pratap 
Singh 


Exhibit 


20th Jamiary, 1941 


Anapheis sp. as an alternative host of Melcha nursei Cameron. From 
pupae of a butterfly, Anapheis sp. collected from kareer plant (Capparis 
aphylla) during October 1940, emerged in addition to some undetermined 
Chalcid parasites, two pairs of Melcha nursei during Januar}^ to March, 
1941. The caterpillar nmy, therefore, be regarded as a new alternative 
host of this parasite — K. N. Trehan 
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2^Ui February, 1941 

General 

Dr. Klian A. Rahman and Dr. S. A. vShah were unanimousl}^ elected as the 
President and the vSecretary respectively of the Branch vSociety for the 
3^ear 1941 and 1941-42. 

Exhibit 

Lasiodernia serrtcorne h., a pe.st of tobacco and other stored products. 
Recorded doing serious damage to stored tobacco, turmeric, starch, 
stored berries {Zizyphus sp.), etc. White eggs are laid singly in the 

folds, wrinkles, etc., of the tobacco leaves. The}^ hatch in 9-14 days in 
April and May. The larvee bore into the food, where they pass the entire 
larval and pupal stages. Tlie adults are active creatures and may la}' 
30-94 eggs in 4-7 days. — Gurchakan vSingh Sohi 

Communication 

Some field observations on Scirpophaga nivctla — Darbir vSingh 

315/ March, 1941 

Exhibit 

Pcdiculoides ventricosus Newport, a parasite of Platyedra gossypiella — 
A. N. Sapra 

Communication 

On Brinjal borers, Euzophera perticella n,nd Leucinodes or bon alis Guen. — 

S. A. Shah 

SOUTH INDIAN BRANCH— COIMBATORE 


yth May, 1941 

Communication 

Preliminary studies on pollen-carrying capacity of the Indian bee — 
M. C. Cheriah, S. Ramachandran & V. Mahadevan 


A new species of Trichospilus, parasitic on pupae of Diatrcea venosata — 
V. Margabandhu & M. C. Cherian 


Aporstocetus krishnieri Mani, a new internal parasite of amaranthus weevil 
Lixus truncakdus — P. N. Krishna Ayyar & M. C. Cherian 


Exhibits 


Two Sphingid moths, Ambulyx pagana bred from Pongamia leaves and 
Choerocampa oldenlandice from grape vine — ^T. V. Subramania m 
(i) Grubs of Aubeus sp. (Curculionidae) infesting Zizyphus jujuba fruits 
at Panyam. The infestation takes place in the early blossom stage. 
(2) Prodioctes hcematicus, the cardamom' weevil froih Koranguniudi Estate 
in the Anamalais defoliating top. shoots.. In Ceylon, the grubs infest and 
destroy live rhizomes. (3) Cryptothelia crameri' (West.) a bagworm 
infesting Casuarina shoots at Tindivanam. ‘ (4) Nephopteryx eugraphella 
(Pyralidae) larvae feeding on leaves and boring into fruits of sapota. 
(5) A new species of Sphenu'scomyia fniitfly, the maggots of which 
breed in wild Barter ia pods — M. C. Cherian 

A large interesting paste-board nest of an ant [Cremastogaster sp.) collected 
from Yercaud Hills (3600 feet) in South India — -P. N. Krishna Ayyar 
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THE ENTOMOLOGICAL SOCIETY OF INDIA 
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The Society exists for the encouragement and promotion of entomolo- 
gical study and research. It arranges for meetings of entomologists in 
different parts of the country and helps its members, specially those living 
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from all over India meeting frequently at any one place, the Society 
has established branches at important scientific centres in different parts 
of the country, where its meetings are. periodically held. 

The Indian Joiirnal of Entomology, which is the official publication 
of the Society, will for the present -be published twice a year, in June and 
December, and will be supplied free to Ordinary and Honorary members. 
Associate Members will receive a copy of the general part of the Journal 
containhag ''Short Notes and Exhibits,'' "Recent Research," "Proceedings," 
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Rs. 15 per volume for supply in India aiad Rs. 16 in other couiatries. 
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NOTES ON SOME PARASITES OF SHISHAM 
DEFOLIATORS AT ALLAHABAD AND 
DEHRA DUN, INDIA- 

By P. N. Cl-IATTBRJEB, M.SC., D. PHII,. (Allalib.), 

( Formerly Empress Victoria Reader y Zoology Departmenty 
University of Allahabad). 


Introduction 

During search for parasites of shisham [Dalbergia sissoo) pests made 
at Allahabad and Dehra Dun, thirty-three species of parasites were bred 
in the course of two seasons of 1938 and 1939 ; of these eleven are pri- 
mar^^ parasites of Plecoptera reflexa Guen., nine species are primary on 
Dichomeris eridantis Meyr., five are primary on Leucoptera sphenograpta 
Meyr., and two species are primar}^ on Caccecia sj).; six species are hyper- 
parasitic : three on Plecoptera reflexa, two on Dichomeris eridantis and 
one oh Caccecia sp. A complete list of species of parasites reared is 
being published separately, in which the economic status of each 
species is also discussed. 

The information obtained on the biology of 19 species of parasites is 
•presented in the following pages. Some of the parasites are still to be specifi- 
cally named, identifications of which have been dela3^ed on account of 
the existing conditions of war. 

The species of parasites have been arranged in systematic order, 
with their hosts and distribution ; other locality data, besides Allahabad 
and Dehra. Dun, have been reproduced from the Indian Forest Records. 


When sending this paper to press. Dr. N. C. Chatter] ee drew my attention to a paper 
by R. N., Mathur, 1911, hidiayi For. Rec., Ent., (in press) on the biology of the parasites of 
the shisham defohators in the Punjab with a note by C. P. C. Beeson, which gives a detailed 
ecological account. • - 
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HYMENOPTERA 

BRACONIDAi: 

Apanteles sp. 

Host. — Plecoptera reflexa Guen. (Noctuidse). 

Distribution. — ^United Provinces — Delira Dim. 

Parasitism experiments. — It is a solitary endoparasite. Laborator3?'- 
bred host larvae of the second stage are parasitised. The host larva slight- 
ly turns pink when the parasitic larva reaches its last stage inside the host. 
Before the last stage parasite larva bores out, the host larva develops a 
small black spot from wdiich jDoint parasite comes out. When the larva 
thus bores out of the host, the latter is still able to move, but dies within 
24 hours. 

Full-grown Measures 5.0 x 1.5 mm., white in colour, ii body 

segments, armed with setae ; contents of alimentary canal green ; a pair 
of complexly coiled salivary glands on either side of alimentary canal. Head 
0.34 mm. wide, with unsegmented antennae, bounded by chitinised bars 
of maxillary and labial scleromes and hypostoma ; hypostoma o.ii mm. 
long ; labium 0.13 x o.i mm., enclosing setae and palpi ; mandible 0.2 x 
0,6 mm., chitinised, tip bifurcated, blade with 9 teeth (Figs. 1-4). 

Cocoon. — As soon as the larva bores out of the host it starts spinning 
a barrel-shaped white cocoon, covered with loose silk, threads outside, giv- 
ing it an appearance of teased cotton. The '' male cocoon '' measures 
3.9 X 1,4 mm. and the ''female cocoon'' measures 3.9 x 1.8 mm. The adult 
emerges from the cocoon by cutting off the usual circular cap-like lid. 

The cocoons of Apanteles sj). and Microgaster plecopterce are very 
similar in appearance, except that the former looks like teased cotton and 
is a little smaller in size. 

Life-cycle. — The incubation and larval periods last together 7 days 
and cocoon period 4 days, making a total of ii days in April. 

Apanteles sp. (B 7) 

Host. — Dichomeris eridantis Meyr. (Gelechiidse). 

Distrihdion. — ^United Provinces — Allahabad and Dehra Dun ; Punjab. 

It is a solitary endoparasite. The full-grown larva bores out of 
the host and forms its cocoon outside, within the leaf folded by the host 
caterpillar. The length of the cocoon period at Dehra Dun is 6 days in 
June and at Allahabad 6 to 7 days in March and 7 days in April. 

This Braconid is itself parasitised by Mesochorus sp. (Ichneumonidas) 
and Brachymeria sp. (Chalcididse) ; the former was bred at Allahabad in 
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April and the latter in March and May 1939 at Allahabad and Dehra Dun 
respectively. Mesochoms emerges on about the tenth day from the date 
of cocoon-formation and escapes by making an irregular hole on the surface 
of the cocoon. 

Apanteles sp. (A) 

Host. — Caccecia sp. (Tortricid^). 

Distrihiition. — United Provinces — Allahabad. 

It is a solitary endoj)arasite. At Allahabad it formed 444% and 
23*5% of fho total of parasitised caterpillars in 1938 and 1939 respectively. 
The cocoon period varied from 9 to 10 days in March- April. 

Camptothlipsis furtifica Wilkinson 

Host. — Dichomeris eridantis Meyr. (Gelechiidse). 

Distrihition. — United Provinces — Allahabad, Dehra Dun ; Punjab — 
Multan, Chichawatni, Montgomery, Khanewal ; North-West Frontier 
Province. 

It is a solitary endoparasite. It forms cocoon, outside the host 
larva. The cocoon period is 7 to 10 days at Allahabad in March and 
April and 5 days in May at Dehra Dun. 

The cocoon is white with a few scattered silk hairs, barrel-shaped 
and found inside the fold of shisham leaf. The adult emerges by cutting 
an irregular hole at the head end of cocoon. 

The ''male cocoon'' measures 6x2 mm. and the female cocoon " 
measures 7x3 mm. 

Disophrys sissoo Wilkinson 

Host. — Plecoptera reflexa Guen. (Noctuidse). 

Distrihdion. — ^United Provinces — Allahabad, Dehra Dun ; Punjab — 
Montgomery, Changa Manga, Chichawatni. 

Parasitism experiments. — It is a solitary endoparasite. Nine second 
stage caterpillars were exposed to the parasites. Four cocoons were 
formed on 24th Ma3^ 1939, on the eighth day from the time of intro- 
duction ; males emerged on 31st May ; i larva dissected on the second 
day of introduction yielded one egg in the developing stage; and one 
caterpillar yielded a living larva ; the remaining larvee escaped parasitisa- 
tion. 

Thus it will be seen that 66.6 % parasitism was obtained. 
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Life-cycle. — at Delira Dun during May is 15. days : incubation period 
2 days, larval period 6 days and cocoon period 7 days. 

Immature stages . — ^Four days old larva measures i.i x 0.14 mm., 
with 13 body segments, the last being blunt ; on segments 6, 7, 8, 9, 10 and 
II blunt tubercles project downwards from sides ; no anal vesicle ; 6 
spiracular centres. Head 0.3 x 0.2 mm., rectangular ; mandible 0.7 mm. 
long, chitinised, hooked (Fig. 5). 

Intermediate stage larva measures 3.41 x 0.6 mm., 9 pairs of spi- 
racles. Head not distinct ; mandible o.i x 0.3 mm., less sclerotized, blade 
with -traces of dentition. 

Full-grown larva measures 6x2 mm., 13 body segments, armed 
with setae ; 9 pairs of spiracles, situated on "-^'3 > spiracle 

To, T3 about twice the size of A. Head 0.9 x 0.5 mm., iirominent and 
retractile, with unsegmented antennae ; mandible 0.12 x 0.15 mm., chiti- 
nised, blade carries 18 saw-like teeth (Figs. 6, 7). 

Cocoon. — The full-grown larva bores out of the third stage host larva. 
It spins a white barrel-shaped cocoon. The male cocoon measures 8.5 x 
3.5 mm. and the female cocoon 10 x 4 mm. The adult parasite emerges 
by a circular cap, cut in a slanting manner. 



Microgaster plecopterae Wilkinson 

Host. — Plecoptera reflexa Guen. (Noctuidae). 

Distribution. — United Provinces — Dehra Dun ; Punjab — Montgomery, 
Changa Manga, Chichawatni, Multan and Khanewal. 

It is a solitary endoparasite. Notes on the biology of the species 
have been given by . Beeson and Chatterjee (1935). 

Parasitism experiments. — The second-stage host larvae are parasitised; 
older stages are not approached and the first stage larva is not suitable ; 
a similar observation was made with Apanteles machceralis by Chatterjee 
(1939). Sixty second-stage larvae in batches of 6, 6, 12, 12, 12, and 12 
were released for parasitisation b}^ two females which emerged on two 
different dates from the field-collected cocoons : — 14 larv^ were 
parasitised, from which (a) ii cocoons were formed, (b) 3 dead larvae 
on dissection 3delded three dead grubs of the parasite, and (c) the rest 
of the larvae were not parasitised. Thus it wiU be seen that only 23.3% 
parasitism was obtained. 

~ T and A denote thoracic and abdominal segments ; lower digits denote the segment 
number. 
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Life-cycle. — It takes i6 to 19 days for the parasite to develop from 
egg to adult, between May and July : 

May June July (part) October 

Incubation-j-larval period in days = 10 9 9 — 

Cocoon period in days = 6 8-10 9 8 

Total period up to the 

emergence of adult = 16 17-19 18 

Immature stages. — Egg measures 0.33 x o.i mm., white in colour, 
cylindrical ; mature egg opaque, practically filled with mitochondrial 
yolk bodies. (Fig. ii). 

First larva is white, shows peristaltic movement when freshly dis- 
sected ; 12 body segments ; alimentary canal straight, with pale green 
contents ; anal vesicle 0.63 x 0.3 mm., spiracles not seen. Head 0.2 x o.ii 
mm., not sclerotized, bounded b}^ maxillary sclerome; mandible o.i mm. 
.long, less chitinised, pointed, edentate. (Figs. 12, 13). 

Full-grown larva measures 7.03 x 1.7 mm., dirty white ; anal vesicle 
not seen ; 9 pairs of spiracles ; bod}^ armed with set?e. Head 0.2 x 0.4 mm., 
sclerotized, bounded by labial and maxillary scleromes and hyposto- 
ma. Labial sclerome horse-shoe shaped, enclosing labium ; labium 0.13 
X 0.13 mm., containing labial palpi and setae ; opening of silk duct in the 
gap of horse-shoe-shaped labial sclerome ; arms of labial sclerome join 
hypostoma, the ends of which mark the boundary of head. MaxiUary 
sclerome 0.2 mm. long, encloses a pair of maxillary palpi and setae. Man- 
dible 0.13 X 0,03 mm., tip bifurcated, edentate. (Figs. 14, 15). 

The full-grown larva bores out of the third stage host larva, leaving 
behind its last moult at the entrance of the hole, marked by a black ring. 
In a few hours it spins a tough, white, barrel-shaped cocoon. The 'female 
cocoon' measures 4.5 X2 mm. and the 'male cocoon' measures 4X 1.5 mm. 
The outer surface of the cocoon is evenly covered by fine silk threads. 

Microbracon sp. (2)'’' 

Host. — Dichomeris eridantis Meyr. (Gelechiidae) . 

Distribution. — United Provinces — Allahabad. 

This species is a gregarious ectoparasite bred at Allahabad in 
March 1939. The female is light orange in colour with abdomen 
slightly bent downwards ; the contents of the abdomen are green ; thorax 
is brownish-red. 


According to S. N. Chatterjee, it is a species of Avga^ possibly clioasins Nixon. 
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In the laboratoi'}'^ a female i^arasite laid two eggs on the dorsal side of 
Dichomeris larva of an early stage ; the larva quickly feeds on the host. 
In the act of oviposition the female inserts her ovipositor into the leaf 
fold, inside which the young larva lives. 

Full-grown larva measures i.8 x 0.8 mm., cylindrical; 12 body segments, 
anterior segment slightly broader than posterior, humped appearance on 
; armed with setae. Head 0.23 mm. wide, armed with setae. 

Life-cycle. — The life-cycle in March occupies g days ; the incubation 
and larval period is 4 days and cocoon period 5 days. 

Cocoon. — ^The cocoon is flat and three-sided ; it is white, and trans- 
parent. The parasite emerges from the cocoon by making a slightly elong- 
ated hole. The cocoon measures 4x1 mm. 

Meteorus diehomeridis Wilkinson 

Host. — Dichonieris eridaniis Meyr. (Gelechiidae). 

Distribution. — ^United Provinces— Allahabad and Dehra Dun; Punjab — . 
Montgomery, Chichawatni and Khanewal ; N. W. F. P. 

It is a solitary endoparasite. The larva bores out of the third stage 
larva and forms its cocoon outside near the head of the dead host. The 
cocoon period is 6 to 7 days in May and June at Dehra Dun. 

Cocoon. — The cocoon is light pink and barrel-shaped ; the posterior 
end is slightly rounded and the anterior end is cone-shaped. The cocoon 
is formed inside the Dichonieris fold of shisham containing larva. 

The ‘male cocoon’ measures 4x2 mm. and the ‘female cocoon’ 
5x2 mm. 

BE'X'HYLIDAE 

Bethylus distigma Motschulsky* 




Host. — Caccecia sp. (Tortricida:). 

Distribution. — United Provinces — ^Allahabad. ^ 

Parasitism experiments. — It is a gregarious ectoparasite. The 
paralysed host larva becomes motionless, turns whitish-yellow and 
though able to move can not escape. From the time the eggs are 
laid, the mother keeps guard till her progeny is out. She lays 
a maximum of six eggs in series on the lateral segments of one host 
larva. The female when forcibly removed from her progeny and 
kept with another host, sometimes paralyses and lays eggs on it ; 

.Goniozus montanus Kieff. of previous authors is a synonym of Bethylus distigma 
Motsch. vide Kieifer, Das Tierreich, 41 : 514, (1914). I am indebted to Mr. M. S. Mani, New 
Delhi, for synonymy of this sx^ecies. 
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ordinarily one female paralyses one host only and feeds on the exudation. 
Similar observation has been made b}^ Beeson and Chatterjee with Cedria 
paradoxa (1935) and Clausen (1940). 

In the field the parasite was collected in all different stages — egg, 
larva, cocoon and adult — inside the leaf -fold of Caccecia sp. on shisham. 

Immature stages. — ^Egg measures 0.6 x o.i mm., white and oj^aque, 
cylindrical. First stage larva measures 1.3 x 0.4 mm., cylindrical, 
colourless and opaque, tracheal system well developed. Full-grown 
larva measures 3 x i.i mm., cylindrical, armed with setae ; 12 body seg- 
ments, contents of mesenteron brownish-yellow ; 10 pairs of spiracles, 
those of Tg, T3 twice the size of Aa-Aj^. Head 0.3 mm. wide, bounded by 
maxillary and labial scleromes and hypostoma ; mandible 0.04 x o.ii 
mm., chitinised, yellow, tip pointed, edentate. 

Cocoon. — The full-grown larva spins white, thin silken cocoons 
in clusters of six inside the fold of the shisham leaf. The cocoon is barrel- 
shaped and measures 3.3 x 1.48 mm. The parasite emerges by cutting an 
irregular hole on the dorsal side, a little behind the anterior end of the 
cocoon ; it leaves no cap. 

Life-cycle. — The life-cycle from the time of egg-laying to the emerg- 
ence of adult is II days in March at Allahabad as below : the incubation 
period is one day, larval period 3 days and cocoon period 7 days. 

Hyperparasites. — One species of Chalcid has been bred from the field- 
collected cocoons of B. distigma at Allahabad in March-April. 

ICHNEUMONIDAB 
Henicospilus sp. (B) 

Host. — Plecoptera reflexa Guen. (Noctuidse). 

DistriUition. — United Provinces — Allahabad and Dehra Dun. 

It is a solitary endoparasite. 

, Full-grown larva measures 16 x 4 mm., is robust-looking and heav}^ 
ash-coloured ; alimentary canal dirty ash ; 13 body segments, armed with 
spines. Head i x 0.6 mm., bounded by maxillar}?- and labial scleromes ; 
mandible 0.2 x o.i mm., chitinised, edentate with comb-like serrated margin. 
(Figs. 9-10). 

Cocoon. — The full-grown larva of the parasite wriggles about inside 
the cage in search of some support for the purpose of spinning its cocoon. 
It takes about one day to comjDlete cocoon formation. 


The cocoon is long, barrel-sha|)ed and chocolate-brown; the outer 
surface slightly hairy in appearance. The ''female cocoon” measures 
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10 x.4.9 mm. Tlie adult emerges from the cocoon by cutting a circular cap 
which lemains hinged to the cocoon. 

The mandible of the adult female measures o.i x o.i mm. ; it is 
heavily chitinised, 35^ellow, ]Dointed and edentate. 

CHAECIDIDAE 

Brachymeria nephantidis Gahan 

Hosts, — Dichomeris eridantis Me^^r. (Gelechiidae) a new record ; also 
other hosts (Beeson and Chatterjee, 1939). 

Distribution. — -United Provinces — Allahabad and Dehra Dun ; Madras 
— ^Nilambur, Mangalore, Samalkotah, Godavari and Coimbatore. 

It is a solitar}^ internal pupal parasite. It is an important parasite 
on account of its polyphagous nature (Beeson and Chatterjee, 1939)- ^he 
adult emerges from the host pupa by making an irregular opening on its 
body. It was bred in vSei)tember 1938 at Allahabad. 

ENCYRTIDAE 

Paralitomastix varicornis (Nees) 

Host. — Dichomeris eridantis Meyr. (Gelechiidae) 

Distribution, — United Provinces — Allalmbad and Dehra Dun and 
Saharanpur; Punjab; Sind; Europe. 

It is a polyembr3mnic species, bred from larva of Dichomeris 
eridantis] as these Eiicyrtids reach the pupal stage inside the host 
larva, the host becomes stiff and straight or curled ; it looks black 
from outside' on account of the black pujDae of the Encyrtids; the adult 
Encyrtids emerge in about 8 to 9 days from the time the host is observed 
to become straight and stiff ; the parasites emerge by making small holes 
on the body of the larva ; from one host 125 and 75 Encyrtids have 
emerged; but a maximum of 265 is also recorded . from one host. 

Paralitomastix sp. 

Host. — rDichomeris eridantis Meyr. (Gelechiidse) 

Distribution. — United Provinces — Allahabad. 

This parasite is provisional^ placed under the above genus ; it is a 
polyembryonic species ; 78 Encyrtids have emerged from a single larva ; 
the parasitised host larvae become stiff and straight. 
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EI,ASMIDAE 

Elasmus sp. 

Host. — Leii.copiera sphenograpta Meyr. (Eyonetiadte). 

Distribution. — United Provinces — ^Allahabad. 

It is a solitary endoparasite, bred from the pujja of Leucoptera 
sphenograpta in Februarj'- and March 1938 and March 1939. It 
represented 47% and 18% of the total parasitism in 1938 and 1939 
respective^. The female parasite inserts her ovipositor through the mined 
leaf of shisham and after some repeated attempts, jjarasitises the larva. 
From such a parasitised larva the adult jrarasite emerged on the 14th day 
{i.e., from the time of jDarasitisation to the time of emergence of adult 
parasite) . 


DIPTERA 

Tachinidae 

Cadureia vanderwulpi Baranoff 

Hosts. — Dichomeris eridantis Meyr. (Gelechiidse) ; also other hosts (Beeson 
and Chatterjee 1939). 

Distribution. — United Provinces — Allahabad, Dehra Dun, Haldwani, Cha- 
krata ; Punjab — Uahore, Montgomery, Multan ; Sind — vShikarpur. 

This solitary endoparasite has been previousty recorded as zetters- 
tedti v.d. Wulp by Beeson and Chatterjee (1935)- It is a new record for 
Dichomeris was bred at Allahabad in March 1938 and in the Punjab 
and Sind in April-Se^stember. 

The fly passes its early stages inside the host larva and the last stage 
within the host pupa ; the maggot comes out of the pupa and forms the 
puparium outside. The approximate larval period of Cadureia passed 
inside the host larva is 5 days ; the number of days passed inside the host 
pupa is :approximately 7 to 10 days and pupal period of the parasite passed 
inside the puparium is 7 daj^s ; thus the approximate total life period in 
March is 17 days. 

The puparium, described bj^ Gardner (1940), is 4 mm. long ; the 
fly emerges from the puparium on the seventh dajc It represented 28.5 % 
of the total parasitism in March 1938. 

Carcelia (Sysyropa) thermophila Wilcox 
Host. — Plecoptera refiexa Guen. (Noctuidee). 

Distribution. — United Provinces — Allahabad. 
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A new record as a parasite of Flecoptera reflexa, it formed i6.6% 
of the total parasitism in September. The puparium is described by 
Gardner (1940). 

Exorista pieta Baranoff 
Host. — Flecoptera reflexa Guen. (Noctuidte). 

Distribution. — ^United Provinces— Allahabad and Dehra Dun ; Punjab — 
Montgomery, Chichawatni. 

It is a solitary endoparasite. The maggot passes ii to 15 days 
inside the host larva and 3 to 4 days inside the host pupa, after which it 
forms a puparium outside. The puparium is described by Gardner (1940). 
The pupal period is 8 to lo days, after which the adult fly emerges ; it 
takes a couple of hours for the fly to become active. 

The approximate life-cycle at Allahabad in February and March is 
20 to 22 days ; incubation and larval periods 12 da3^s and pupal period 8 
to 10 days. 

The pupal period at Dehra Dun in September-October is 9 days. 
Eutachina civiloides Baranoff 

Hosts. — Flecoptera reflexa Guen. (Noctuidse) ; also other hosts (Beeson 
and Chatterjee, 1939). 

Distribution. — ^United Provinces — Dehra Dun and Haldwani ; Punjab — 
Dahore, Montgomery and Multan ; Madras — Nilambur ; N. W. F. P. — 
Dower Swat Canal ; Burma. 

It is a solitary endoparasite. This fly was found to be a parasite 
of Flecoptera reflexa at Dehra Dun in May 1939- It represented 1.8% of 
the total parasitism. The puparial period is 7 da3''S in May at Dehra Dun. 
The puparium is described b3^ Gardner (1940). 

Podomyia setosa Dol 

Host. — Flecoptera reflexa Guen. (Noctuidse) . 

Distribution. — ^United Provinces — Allahabad and Dehra Dun; Punjab — 
Montgomery and Chichawatni. 

It is a solitary endoparasite. Beeson and Chatterjee (1935) published 
notes on the biology of the species. 

Farasitism experiments. — Third and later stages of the host larvse 
are able to supj)ort the maggots of Fodomyia. The host larvae swallow 
the eggs while eating leaves* ; the larva may swallow more than one egg 
inadvertently, if more than one egg is found on the leaf. 

'^Egg-free field- collected shisham leaves were used for parasitism experiment. 
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The parasitism experiment was carried out in mass method, exposing 
laborator3^-bred and field-collected larvae. Forty-seven larvae of third 
and fourth stages bred in the laboratory were exposed to 130 eggs of 
Podomyia setosa between 20th September and 8th October 1938, at 
Dehra Dun : — 

(i) 17 host larva3 were parasitised, of which 7 formed puparia between the 10th and 13th 
days from the date of introduction ; 

(ii) 1 host pupated on the 9th day ; on dissection it jdelded 3 dead maggots and 1 living 
maggot of the first stage ; 

(iii) 1 host larva dissected on the 7th day and it yielded 1 first stage maggot enclosed 
inside a sheath ; 

(iv) 1 dead host pupa dissected on the 13th day and it yielded 6 dead maggots ; 

(v) 6 host larvce were dissected in the dying state on the 10th day and yielded 4, 6, 3, 
7, 2 and 2 maggots respectively; 

(vi) 1 prepupal host larva dissected on the 9th day and it yielded 15 living maggots j 

(vii) 30 h ost larva) were unparasitised. 

Total 47 


^ Eight larvEe of third stage collected in the field were exposed to 8 eggs 

of Podomyia setosa on September 28; the results are summarised below : — 

(i) 1 host yielded one cocoon of Microgasler plecopterce on 3rd October ; the dead host 
on dissection jdelded 1 living maggot of the fly ; 

(li) 1 host yielded 1 dead maggot of Microgasler plecoplerce and 1 dead maggot of fly on 
dissection on 6th October; 

(iii) 2 host larva) yielded 2 Microgasler plecoplerm cocoons on 3rd October; the dead 
host on dissection yielded no maggots of the fly Podomyia ; 

(iv) 4 host larva) pupated normally. 

^ It will be seen that 36.17% of the laboratory-bred host w'ere jjarasi- 
tised ; 54.8 % of Podomyia eggs were swallowed by 17 host larvte and 
45.2% of the eggs were wasted. 

Life-cycle . — The life-cycle of Podomyia setosa is completed between 
18 and 21 days in the month of October at Dehra Dun ; incubation period 
from the time the egg is swallowed by host larva is 2 days, larval period 
8 to 9 days and pupal period 8 to 10 days. 

^ Superparasitism and multiparasitism . — Cases of super- and multi- 

parasitisms have been observed in the experiments carried out with the 
laboratory-bred and field-collected larvae ; in the former case as many as 
15 maggots were infesting one host larva, of which three maggots were 
living inside the head capsule ; the effect of superparasitism is death of 
both the host and parasite. In the latter case, larvae and cocoons of 
Microgaster plecopterce were obtained along with the maggots of Podomy- 
4 - ia- setosa. The effect of multiparasitism is usually the death of three species, 

but in one case Microgaster plecopterce survived. 

External signs of parasitism . — It is onty in the host pupa that the 
external signs of parasitism can be observed. The last three abdominal 
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segments of a normal host pupa are moveable but in the parasitised pupa 
these segments do not move. Further, a normal host pupa, till the emergence 
of imago is opaque ; but the parasitised i^upa is opaque in the middle and 
lighter at the anterior and posterior extremities. 

Oviposition . — The rubs the tip of its abdomen on the edge of green 

leaves and thus fixing the eggs to the hairs of leaf. 

Immature stages , — ^Egg measures 0.2 x o.i mm., pear-shaped, black, 
shining and hard (Fig. 16). The three days old maggot measures 
1.52 X 0.52 mm., is colourless, enclosed in a membranous sheath and 
embeded in the tissue of the host, shows rhythmical movements in living 
state ; contents of alimentary canal green ; malpighian tubes present ; 
posterior 'pair of spiracle brown, situated on Ag, Head with few shagreen 
spinules ; cephalophar3mgeal skeleton 0.9 mm., long, composed of a 
hooked mandibular sclerite, brown. (Fig. 17). The seven days old 
maggot measures 3.7 x 1.3 mm., each segment beset with shagreen 
spinules ; i^osterior spiracle black ; cephalophar^mgeal skeleton comj)osed 
of mandibular sclerite (0.4 x o.i mm.), h3qDOstomal and pharyngeal 
sclerite (0.3 x 0.2 mm.). (Fig. 18). Full-grown or the twelve days old 
maggot measures 17x9 mm., uniform pigmented skin, 13 bod3^ segments, 
3 rows of shagreen spinules on each segment ; posterior spiracle jet-black, 
protruding anterior spiracle brown, withdrawn in pocket ; alimentary 
canal greatl3^ lengthened and coiled ; oesophagus prolonged backwards ; 
numerous malpighian tubes ; muscular system well develo^Ded. Cephalo- 
phar3mgeal skeleton composed of mandibular hypostomal and phar3mgeal 
sclerites ; mandibular sclerite bifurcated at tq^, articulates basally with 
h3qoostomal, the halves of the latter joined by a transverse bar ; 
mandibular and h3qDostomal sclerite 0.4 x 0.1 mm.; phar3mgeal sclerite 
0.6 X0.3 mm., formed, of two lateral and vertical lamellse, uniting 
ventralty to form a trough (Fig. 19). 

Gardner (1940) has described the puparium. The Temale' puparium 
measures 7 x 3.8 mm., and the hnale' 6.5 x 3.5 mm. The fly emerges from 
the puparium by an annular dehiscence at the anterior end pushing off 
a cap. 
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Key to lettering oe eigures 1 — 19 

A. antennie ; Ac. alimentary canal ; Av. anal vesicle ; Csk. cephalopharyngeal skeleton ; 
H. head ; Hs. hypostomal sclerite ; Ls. Labial sclerome ; Lp. labial palpi ; Lst. labial 
setae ; L. labium ; M. mandible ; Mp. maxillary palp. Ms. maxillary setae ; Msl. maxillary 
sclerome ; Ht. mouth; M 1, 2, 3, L. larvae of 1st, 2nd, 3rd and last stage ; Md 1, 2,. 3, L. 
mandible of 1st, 2nd, 3rd and last stage larva3 ; Mts. malpigbian tubules ; Mds. mandibular 
sclerite ; Psc, phar^mgeal sclerite ; S. salivary glands ; Sp. spines ; Sdo. silk duct opening ; 
Spl. spiracle ; Sgs. shagreen spinules ; T. trachea ; Tr. tracheole ; Tt. tail like thread. 

Figs. 1 — 4. Ajpaiiteles sp; 1. Full-grown larva (diagrammatic) xl4 ; 2. Head of the full-grown 

larva; 3.^ Head structure of the same ; 4. Mandible of the same. 

Figs. 5 — 8.' Disoplirya sissoo; 5. First stage larva ; 6. Full-grown’ larva (diagrammatic) x21 ; 

7. Mandible of full-grown larva ; 8. Mandible of the adult female. 

Figs. 9 — 10. Henicospilus sp. {B.) 9. Full-grown larva (diagrammatic) x3 ; 10. Mandible of the 
full-grown larva. 

Figs. 11 — 15. Microgaster jd^coptercB; 11. Egg; 12, First stage larva ; 13. Head of the first stage 
larva; 14. Full-grown larva (in part, showing anterior end); 15. Mandible of the 
same. 

Figs. 16—19. Bodomyia selosa; 16. Egg ; 17. First stage maggot ; 18. 7th day maggot (showing 

in part anterior and posterior ends) ; 19. Cephalopharyngeal skeleton of 12th day 

maggot (last stage). 








RIIAGONOTUS ROSLINENSIS (BRACONIM), A LARVAL 
PARASITE OP THE SUGARCANE BORER, 
SCIRPOPHA GA IIHODOPIWCTALIS 

By M. C. CiiKRTAN, R.A., 13. SC., B.i.c., and P. IsraivL, im.a., 
AgricuU'uml Research Institute, Coivibatore, 

Im'RODUCTION 

During the course of a study of the natural enemies of the sugarcane 
white moth-borer, seven larval parasites were noted : the results of the 
studies on four of these, viz., Elasnms zehnineri P'err., Stenohracon mcevillei 
(Bingh.), Rhaconotus scirpophagee Wlkn., and Stenohracon deesce (Cam.) 
have already been published by the authors (1937 and 193S). The present 
paper gives some information on the habits and life-history of Rhacono- 
tus roslinensis Lai. R. caulicola, described b}^ Muesebeck (1940), is identical 
with this species. 


Host and its habits 

A brief account of the nature of the damage caused b)^ the moth- 
borer along with its life-history and habit is necessar}^ so that the activities 
of the parasite - can be better understood. The moth-borer is a fairly 
serious pest of 3^oung as well as full-grown canes. The characteristic 
buff-coloured egg mass is laid by the moth, generally on the under-surface 
of sugarcane leaves. The larvae on hatching find their wa}^ into the leaf- 
roll and destro}’' the 3’oung growing-point by tunnelling downwards and 
eating through the soft tissues of the cane. Only one larva is found in 
each plant. ^^Tien full-fed, it excavates a short tunnel and closes its 
external opening vdth a lid constructed from the outermost leaf-sheath. 
It then vnthdiaws itself into the tunnel, spinning partitions of silk one 
behind the other and hnaiiy pupates. The moth in due course emerges 
through the exit hole. The total life-cycle of the iiest is about 2 to 2-1 
months. 


Habits of the parasite 


Oviposition . — The parasites do not oviposit until 3-5 days after 
The first indication of the female becoming read}^ for 
oviposition is the slight unsheathing of the ovipositor. When a stem with 
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the host larva inside is suppUed, the parasite comiuences to feel the posi- 
tion of the larva inside with its extended antennse. When once it locates 
the host, it raises the abdomen and brings its ovipositor to a point under 
the body, while the sheath describes a loop and thrusts the ovipositor 
through the lid to reach the host larva. With a single thrust of the ovi- 
positor the parasite may or may. not reach the host larva. It does not 
abandon the spot till it encounters the larva and paralyses it. With a 
short ovipositor, measuring 0.5 mm., it is not eas}^ for the parasite to get 
at the host unless it carefully watches and waits for the time when the 
latter comes to cut the outermost lid. This would explain the length of 
time, 30 to 60 minutes, taken by it to get at the host. P^ggs are laid, only 
after the host is paralysed, in clusters of 3 to 33 on or near the head of the 
host. The parasites are mostly active in the morning. In the laboratory,' 
a female lays on an average 26 eggs ranging from 8 to 47 on 
one or more hosts. ' In its habits, it is more like RhaconoUis scirpophagce 
and never scatters its eggs on many hosts. It deposits its eggs in batches 
at irregular intervals, depending upon the maturity of the eggs inside. 
Ordinarily, the parasite does not attack a host, on which eggs have already 
been laid but when a single host larva was subjected in the laboratory to 
the activities of a number of jpara sites, 'more than one parasite laid eggs 
simultaneously. When one or more hosts are supplied, the parasite laid 
its eggs only on one. It also does not accept a host which is not inside 
the tunnel. 

Longevity . — The maximum duration of life under laboratory conditions, 
when fed with honey solution, was found to be 47 days for females aiid 
43 days for males, the average for 13 females being 21 da3^s and for 7 males 
32 days. Without food no parasite lived for more than 8 days. 

Emergence . — When the adult parasite is ready to emerge, it cuts a 
small hole through the cocoons and crawls out of it. But it finds its 
emergence to the outside world further obstructed by the lid constructed 
by the host. The parasite then cuts a hole in this lid and escapes. 

Proportion of sexes 

Out of 308 adults which emerged from 20 cocoon spindles, the number 
of females was 264, their percentage being 85. In rearings in the labora- 
tory also the proportion of females to the males was about the same. The 
preponderance of females does not appear to be affected b3^ seasonal 
changes ; it prevails in much the same degree both in the dry and wet 
months. 

Parasite production from a singee host 

On an average about 15 adults emerged from each host larva collected 
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from the field, tha maximum and minimum being 25 and 6 respectively. 

lylFE^-HISTORY 

f Eggs are generally transluscent, about i.o mm. long, elongate, 

cylindrical, curved in the middle, with one end more pointed than the other. 
Eggs are laid in clusters attached to the inner circumference of the 
tunnel or, in some cases, on the head of the host. The period of hatching 
depends upon the conditions of the weather. During summer it is 24-26 
hours, while it is double this period in cold weather. .... 

The newly-hatched grub measures 0.5 mm., is colourless and trans- 
f parent on hatching, gradually attaining the colour of the host as it begins 

to feed on it. If the eggs are not laid on the body of the host, the parasites 

wander about on the smooth silken lining of the larval tunnel until they 
reach the host. The grubs' attach themselves firmly to the body of the 
host and puncture it at some tender part of the cuticle and suck the food 
material. These punctures with black circular- demarcations are clearly 
seen on the body of the host. The grubs do not thrive on unparalysed or 
I ^ artificially killed host larv^. They actively feed on the host for 3-6 da3^s 

and reach their maximum size of 4.0 mm. x 1.5 mm., by which time the 

host larva is completely eviscerated. The grubs then spin cigar-shaped, 
white silken cocoons which measure 5.0 to 7 mm., within which they 
pupate. All the cocoons are compactly arranged inside the larval tunnel, 
into a spindle-shaped mass measuring about 3.8 to 4.8 cm. The larval 
period is 8 to 10 days. 

Three to six days after the formation of the cocoon, the grub 
pupates. The freshly-formed pupa is uniformly white and measures 
5.0 mm. X 1.5 mm. Two da^^'s after pupation the eyes assume a reddish- 
brown colour and a day later they turn black. The whole pupa 
turns brownish oh the fourth day. The pupal period ranges from 5 to 
9 days. The total life-cycle of the parasite lasts from 15 to 21 days, the 
average for 25 specimens' being 16.5 days. Parthenogenesis occurs in the 
^ ^ species, the progeny in such cases being as usual males. 

Hosts other than Scirpophaga 

The parasites were also collected from caterpillars of Chilo zonelhis 
infesting sorglum. 

Seasonae and redionae distributions 

A The parasites are most active in the field from January to March, 

~ but become scarce as the rains set in and are not noticeable during August, 
September and October. In the cane-growing centres in the Northern- 
Circars the parasite has not been noted so far. 
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ON THE NOMENCLATURE AND SEASONAL FORMS OF 
HAPALIA MAGHAERALIS (WALK.) 
(PYARLIDJS, LEP.) 

By S. N. Chattkrjee, e.r.e.s., 

Branch of Entomology , Forest Research Institute, Dehra Dun. 

The species now recognised as Hapalia machceralis was described by 
Walker (1859) Lorn a single female specimen from Ceylon under the name 
Scopida machceralis, and from the same locality another female OiS S copula 
damastesalis. Lederer (1864) described the species as Botys egenalis, 
supposedly from Venezuela but subsequently shown to be from India. 
Butler (1880) described one specimen from Formosa as Asopia imfipicta, 
remarking that the sj)ecies reminded him somewhat of Botys egenalis. 
Moore (1887) described a form as EUilea fimbriata. Swinhoe (1890) des- 
cribed from Burma two seasonal forms as two separate species, one as 
Hapalia (?) albicostalis and the other as Paliga leucanalis. Hampson 
(1896) sank all the foregoing species, except Hapalia albicostalis vSwinh. 
and Paliga le^{>canalis'^SWmh., as synonyms of Pyrausta machceralis. The 
species albicostalis and leucanalis were put by him in the genus Pionea, 
Later, the same author (.1903) stated that Scopiila damastesalis is identical 
with Pionea leucanalis. 
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The cause of this confusion is due first to the statement of some 
authors that the middle tibiae of the male of machceralis is without a 
dilated and tufted groove, while the contrary'- is true, and second, to the 
fact that the species shows considerable colour variation according to 
climatic differences. In the course of rearing several thousands of moths 
in field-insectaries of the Forest Research Institute, Dehra Dun, in the 
Central Provinces, South India and the United Provinces, four distinct 
forms were observed. The pale and ochraceous varieties are hot-dry-summer 
and hot-wet seasonal forms, while the dark and briek-red varieties are the 
spring and cold seasonal forms. The two main seasonal forms are tabulated 


below : — • ' . ■ 

Dry-liot'Suminer & hot-wet-seasonal forms 

Spring & cold seasonal forms / 

Asopia rufipicta Butler. 

Botys egenalis Lederer. 

Ehulea finihriata Moore. 

Hapalia albicostalis Swinh. (new synom.) 
Scopula damastesalis Walk. 

Scopnla machceralis Walk. 

Botys suavalis Walk. ‘ 

Paliga fuscicostalis Swinh. 

Paliga leucanalis Swinh. 

Paliga rubicundalis Warr. 
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Tlie dark and brick-red varieties of iiiotlrs do not occur at Nilanrbur, 
South Malabar. 

Venatioiial characters of a series of moths were studied, especially 
by Beeson and Fletcher. From their notes in the files of Forest Entomo- 
logist, it appears that the species should be placed in the genus Pionsci. 
The genus Hapalia Hiibner (1816) type fuhalis is however the earlier name. 

Joannis (1929) split up machcercdis forms into two distinct genera, 
placing some under Mesogrciphe damastesalis Walk., and the others under 
Pyrausta macharalis Walk. His differentiation in the recognition of the 
two forms is based mainly on the structure of the maxillary palpi, stating 
that in Mesographe damastesalis it is triangular with a scaly tuft, while in 
Pyrausta machcsralis it is filiform. In all forms of both the sexes bred at 
Dehra Dun, the maxillary palpi are dilated and have scaly tufts, and not fili- 
form as stated by Joannis for the forms considered by him to be machceralis, 
which may perhaps be a distinct species altogether. His other species, 
Mesographe damastesalis, is undoubtedly machcBralis. He sank 

Hapalia as synonym of Mesographe on the basis of priority; But it is 
already recognised that Hapalia, type fulvalis, Mesographe, type forficaUs 
and Pyrausta, type cingulata, are three distinct genera. Pierce and Met- 
calfe (1938) described the genitalia of these three type species. The slide 
preparations of the genitalia of Hapalia machceralis in the Forest Research 
Institute Museum definitely shoiv that this species bears a greater affinity 
to Hapalia than to the other genera, Mesographe and Pyrausta. EvMently 
the species machceralis falls under Hapalia and not under Mesographe. 

The known distribution of machceralis , besides India and Burma, is 
Australia, Ceylon, Formosa, Indo-China and Java. 
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ANATOMY AND MUSCULATURE OF THE MOUTH-PARTS 
OP 8GIRP0PHAGA NI VELLA (PYRALIDA5), WITH A 
DISCUSSION ON THE COILING AND UNCOILING 
MECHANISMS OF THE PROBOSCIS 
IN LEPIDOPTERA 

By S. Pradhan, d.sc., and N. S. Aren, m.sc., 

Department of Zoology, The University, Lucknow * 
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I. Introduction 


Detailed stud^^ of the imaginal mouth-parts of Scirpophaga nivella 
(Pabr.) was undertaken as a preliminar}’' to a' comprehensive work 
on the mouth-parts of Lepidoptera in general. This particular insect was 
selected because, being a common pest of sugar-cane, it is readily available, 
and the structure of the proboscis of this species turned out to be so 
interesting that we were led to anatyse and examine the whole mechanism 
of lepidopterous proboscis afresh. Thus the present, paper embodies, 
besides the description of the mouth-parts of S. nivella in some detail, a 
theoretical analysis of the biomechanical principles involved in the work- 
ing of the proboscis, based on the structural details found in text-books, 
as well as observed by us in about a dozen species of other Tepidoptera. 




i [■ 




II. Material and Technioub 

Specimens of Scirpophaga nivella were either collected as adults or 
were reared from pupae. The chitinous structure of the mouth-parts was 
studied by mounting the dissected organs in euperal, after dissolving out 
the soft parts with caustic potash solution. In making mounts in euperal, 
dehydration was not necessary and the structures were transferred from 


* The MS. of this paper was prepared for publication in the laboratory of the Imperial 
Entomologist, New Delhi, 
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ater to the clearing medium, consisting of a mixture of clove oil and 
acetic acid, and then mounted. Euperal has an added advantage in that 
visibiht3'' IS improved on account of its low refractive index. 

For dissection, specimens fixed in warm alcoholic Bonin’s picro- 
ormo an kept in 90% alcohol for a long time were used. Keeping them 
werr^n/°- rendered dissection easier. Free-hand sections 

ransu e doer ^ 1 J 

capsule does not easily yield to the microtome 

esr^ratpr o,^ ^ 


III. The STRUCTURE OF THE MOUTH-PARTS OP S. wW/a 

Dair of'irrrrr^r^ consist, as usual, of (i) an unpaired labrum, (2) a 
^ r ' ‘ dibles, (3) a pair of maxillre forming the proboscis and ( a ) a nair 

of socond the labium. All these LucLes pmi^? diS 



md. z™. labrum; m.p labial mlu- 

a piece of tendon (te.) atta ched to it, ’nio;e^higbirmiSrfiedfsL^n 'riS; 


* For further details of the technique vide Fbadhan 1938, Bcc. Indian Mns., 40: (4) ; 343 



Coiling and uncoiling mechanisms of lepidopteroits proboscis 


degrees of reduction and specialisation and are described here in some 
detail ; the actual significance of each structural detail, however, is being 
postponed till a more comparative work is possible. 

Labriim. — The labrum is \a narrow membranous, sheet. Laterally it 
bears on each side a lancet-shaped process, called the pilifer (Fig. i), which 
projects downwards and bears a large number of bristles. 

Mandibles. — In a frontal view, the mandibles are visible (Fig. i, md.) 
on either side of the pilifers, although slightly covered by the latter. 
Each mandible is typical in structure ; its base as usual bears a slight 
condylar thickening on its inner edge and a long tendon {te.) attached 
to its outer angle. The feeble sclerotisation, however, shows that they can 
hardly be of any effective use, and are therefore merely of vestigial nature. 

MaxillcB.- — In spite of its specialised modification, the maxilla has not 
lost its typical structure and one can still- distinguish its various parts. 
The stipes (si^.) articulates laterally with the head-capsule and is thus 
situated yentro-posteriorly to the mandible. It is a hollow triangular 
structure with its ap& directed backwards and upwards and its cavity 
opening into the head-capsule. The proximal end of the stipes bears a 
small chitinous structure, which undoubtedly represents the cardo {cd.). 
The stipes and the cardo are together lodged externally into a shallow 
concavity in the head-capsule, forming a kind of condylar articulation 

The distal end of' each stipes bears 
one half of the proboscis which is 
interpreted by all workers as the 
galea [ga. or pb.) of the typical 
maxilla; this interpretation is strongly 
supported by the nature of its inser- ' 

tion and position in this insect. It is 
interesting to note that' at- the base 
of the proboscis we find a small 
chitinous structure, strongly resem- mx.p.. — 

bling typical lacinia (/c.) in shape Ic.' — V . 

and position. It appears that, although b jn.- 

the whole of lacinia has been almost y 

completely incorporated in the base q 5 

of the proboscis or galea, its tip is ' 

still slightly separate, indicating its 2 . Maxilla of mvelU and its intrinsic 

^ . ’■ - c muscles, b.m. basal muscle ; cd. cardo ; 

identity. This separate identity of ga. galea; h. lacinia; maxillary 

lacinia in this Pyralid is to be care- longitudinal : proboscis 

fully noted, in view of Philpott s palp; stipes. 

statement (1927) that this organ is . . , 

absent in all Lepidoptera except in the Micropterygoidse. The proboscis of, 
S. nivella shows an interesting . case, in which the lacinia is seen in the 
■4 ‘‘Indian J. Ent., 3 (2)** 
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actual process of being incorporated in the base of the galea as was 

■ ssSd wSr. °* *’'= 8*'“ 

Ventro-external to the base of the galea, the stipes bears the a^seg- 
mented maxillary palpus (mx. p.), the entire surface of which is covered 
with a_ large number of longitudinally-fluted scales of varying length In 
the living condition the palpi remain permanently flexed upwards S a pair 
of brushes on either side of the proboscis. ^ 

' Labium . — Despite a great 

• . ,,£U reduction in the sclerotisation of 

t n/^m labial region .(Figs, i & 3)^ 

, mm^W distinguish the part- 

!' ■ \^ii^ ^^Ifi'o'fcised pre-labium from ' 

' II ll entirely meipbranous post- 

^ ^Pll/ ill . labium.. Besides the degree of 

■ ^ sclerotisation, the distinction 

HvVl' l«i®' between these two regions is 

iHa M established by the attachment 

vlr M l-l^® palpal muscles (Fig. 4, 

W m 1 \^Mm^ proximal 

I of fbe pre-labium, where 

^ suture can also be • 

^^prmt distinguished. The pre-labium 

' ’ IS further divided into a broad 

and a narrow 

' j^Sula (fo.), which is' a small 

f'nj't'.f PoPo^ median structure. The 

/.■;;. v-.yH post-labium- (mt.) is entirely 

. membranous and extends obli- 

0.5 mm. f^o«i the labial suture on 

Fig. 3. Labium of S. nivella. Ib.p. labial palp; U. posterior margin of the 

agula; nU. post-labium; print, prementum; premeiltum almost fn fLor,. 
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its veiitro-posterior wall. In permanent preparations of the coiled 
proboscis, we find that the proboscis generally forms one and a half to two 
coils. The length of the proboscis is a little more than one millimeter, 
while its dorso-ventral diameter graduall}’- diminishes from about go microns 
at its base to about 50 at the 1?ip. 

An examination of the two halves of the proboscis in a permanent 
preparation reveals that each half is really a hollow double-walled chitinous 
gutter. The diameter of the gutter decreases from about 60 microns at the 
base to about 40 at the tip. The shape of the gutter is main- 
tained by a row of discrete thickened bands of chitin, which lie all along 
the gutter on its inner wall. The number of these chitinous bands is roughly 
estimated as being 300 — 500 on each side. It is to be noted that these 
chitinous bands are confined in the inner wall of the gutter ; the outer wall 
is formed of a continuously chitinised membrane with no separate chitinous 
bands. In this respect it shows a condition different from that of the pro- 
boscis of a butterfly like Danaida sp., in which Burgess (i88o)'described that 
the chitinous rings extend all round the proboscis but do not extend into 
the groove ; in other words, the chitinous bands form the outer wall, while 
the inner wall is free from them. The outer wall of the proboscis is fairly 
stretched while the inner wall shows irregular foldings. As the proboscis 
coils as a whole in a vertical plane, we can distinguish an anterior and a 
posterior wall of the complete proboscis. A close examination of the base 
of the proboscis reveals two interesting features : (i) that the convex 
(outer) surface at the base of the proboscis is definitely weak up to a length 
of about 130 microns, (the significance of this differential chitinisation is 
considered later), and (2) that the lacinia as already described, can be 
distinguished at the base of the proboscis at its dorso-medial edge. 

, IV. Thb muscubaxurb of xhb mouxh-parts of 5. nivella 

A study of the musculature of the mouth-parts shows that the typical 
muscles found in a generalised insect have undergone much specialisation 
and reduction in this species. Furthermore, the enormous development 
of eyes on either side of the head-capsule leaves little space for the accomo- 
dation of muscles in this, region. On account of this concentration, the 
dissection of these muscles presents much diffiiculty. The various muscles 
are described below. 

The mandibnlar muscles , — ^The mandibular muscles (Fig. 4) have 
undergone almost complete reduction, being represented in each mandible 
only by a few muscle-fibres at the end of a long tendon. Each set of 
muscle-fibres originates near the ventro-posterior corner of the ocular ridge , 
and soon converges to a fine tendon. This tendon passes forwards exter- 
nally to the muscles, of the maxilla (vide infra) and is inserted at the outer 
angle of the’ mandible. From the position of its insertion it is clear that 
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it is a vestige of the abductor muscle [md. ahd.). 

The reduction of the mandibular muscles is not unexpected, as the 
mandibles seem hardly to have any function at all in this moth. It is, 
however, interesting to note that while the abductor muscle persists in a 
very reduced condition, the adductor, comparatively more well developed 
in a generalised insect, is altogether absent. 



ITig. 4. Mesal view of section of the head of S. nivella showing the musculature of mouth-parts. 
d,m. depressor muscle of maxilla ; e. ant. extrinsic .muscles of antenna ; ga. galea or proboscis ; 
i. ant. intrinsic muscles of antenna ; Z6. d.m. depressor muscle of labial palp; lb. l.m. levator 
muscle of labial palp; labial palp; l.m. levator muscle of maxilla; 77id. mandible; 7 nd. 

abd. abductor muscle of mandible; mx. p. maxillary palp; pf. piHfer; t. tentorium. 

The muscles of the maxilla . — The muscles of the maxilla can be 
described under two categories : (i) the extrinsic and (ii) intrinsic muscles. 
There are two extrinsic muscles, which from functional point of view, can 
be described ■ as (i) levator, and (2) depressor muscles. Schmitt (1938) ' 
interpreted these muscles as posterior and anterior “tentorial proboscis 
extensors'” respectively. As discussed later, we do riot agree with this 
iriterpretation. There is, no representative in S. Hivella of what Schmitt 
designates as the- “ cranial proboscis’ exterisor ”. The 'levator iriuscle 
{l.m.) originates in a fan-like fashion from the anterior arm of the tentorium' ' 
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and converges alrnost to a point at its insertion on the anterior margin of 
the stipes near the base of the proboscis. The contraction of this muscle, 
as indicated by its position, will naturally raise the maxilla as a whole. 
The depressor muscle [d.m.) originates from a small ridge situated anteriorly 
to the dorsal tentorial pit, and after passing backward and downward 
externally to the levator muscle, is inserted on the anterior surface of the 
car do. Thus, as shown in fig. 4, the depressor muscle is situated crosswise 
to the levator and its contraction, therefore, opposes the action of the 
levator muscle, ix., depresses the maxilla as a whole. The levator and 
depressor muscles, thus, act as forces on 'the two arms of a lever, formed by 
the cardo and the stipes together moving in a small cavity on the genal 
area. 

The intrinsic muscles of the maxilla comprise the muscles of the pro- 
boscis and the maxillary palpi. 

The muscle associated with the maxillary palp (fig. 2, s.m.) is situated 
mainly within its basal segment. The muscle-band originates from the 
posterior wall of the basal segment and is inserted on the inner margin 
of the proximal edge of the second segment. Thus the contraction of this 
muscle bends the palpus. 

The proboscis muscles. — The musculature of the proboscis is interestmg 
in as much as it is different from that in other Tepidoptera described 
in modern text-books. In S. nivella we find two separate sets of muscles : 
(i) the basal muscle and (2) the intrinsic proboscis muscles. The basal . 
muscle (Fig. 2, h.m.) is a small muscle taking its origin from the stipes and 
running obliquely forward to be inserted on the dorsal wall of each half of 
the proboscis, just anterior to the weaker portion of the chitin at the base. 
From its attachment and position it appears to be a representative. of the 
stipital flexor muscle of the galea of a generalised insect. 

The muscle bands (Fig. 2, p.m.) situated vdthin the main body of the 
proboscis as usual do not form a continuous compact muscle but consist 
of several short muscle bands distributed throughout the whole length of 
the proboscis, each muscle-band stretching across several (16 or more) 
thickened bands of chitin. It is not possible to distinguish between the 
points of origin and insertion of these muscle-bands as they taper at both 
ends into similar tendons, which are attached to the posterior waU of the 
proboscis. The^^ are invariably stretched along the length of the proboscis. 
It is also distinctly noticeable that these muscles are much more densely, 
crowded along the posterior than along the anterior waU. This arrange- 
ment of musde bands, especially their lengthwise disposition in S. nivella^ 
-is very peculiar, in view of the fact that the proboscis muscles in other 
Tepidoptera, as described in text-books (Imms 193S and Snodgrass 1935), 
take, their origin from near the middle line of the anterior wall and run 
obliquely distalwards to be inserted on the posterior wall. 
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The labial muscles . — There are three sets of labial muscles : (i) the 
levator of the palpus, (2) the depressor of the palpus, (3) the segmental 
muscle of the palpus. 

The levator (Fig. 4, lb. Lvi.) and depressor {lb. d.m.) muscles of the 
palpus take their origin close together from the posterior margin of the 
prementum and run forv'ards, the levator being inserted on the anterior 
and the depressor on the posterior margin of the proximal edge of the first 
segment of the labial palpus. The separate identity of these two muscles 
is made out only in a sagital section, as the^^ cover each other and cannot be 
distinguished when viewed from the dorsal or the ventral side. Of the two, 
the levator muscle is stronger and consists of a larger number of muscle- 
bands. The difference in size betv-een the levator and the depressor muscles 
seems to be correlated with the fact that the palpus is kept almost per- 
manently flexed upwards thereby requiring a stronger levator. The de-' 
pressor is not so highly developed as the palpus is less frequently depressed 
and when it is, the action is aided b3' the relaxation of the levator. 

The segmental muscle (Fig. 3, s.m.lb.) of the palpus originates from 
the posterior wall of the basal segment and converges to be inserted on to 
the proximal margin of the second segment. The- contraction of this muscle 
seems to bring about a bend bety-een the first and second segments. 

V. The coujssg and uncoii.ixg mechanism of the proboscis 

The working of the lepidopterous proboscis has been an imsolved 
problem so far. The state of our knowledge may be gathered from the 
following quotations from two weU-known text-books. W 

Imms (1938) writes '‘When not in use the proboscis is spirall}^ coiled 

and stowed away beneath the thorax. The interior of each 

haU of the proboscis is hollow and occupied throughout its length by a nerve 
and a trachea, but the bulk of the cavity accommodates two sets of muscles 
which diagonally cross it. From their attachment, the action of these 
muscles would result in shortening the posterior- wall of the. maxilla and 
produce the spiral coifing of the organ. The method' of extension of the 
latter does not appear to be clearly understood, and it has been variously 
suggested to take place by means of its own elasticity or by blood pressure. 
Burgess suggests that we have failed to interpret some muscular mechanism 
for the purpose.'' 

Snodgrass (1935) states “ When the proboscis is not in use it is 
tightly coded beneath the head, but it can be. comj)letely extended in res- 
ponse to a food stimulus. The mechanism of extension and coding, how- 
ever, is not wed understood. The outer wad of each half of the proboscis 
shows a closely ringed structure produced by a succession of sclerotic arcs 
alternating with narrow membranous spaces. This structure probably 
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allows the coiling of the tube. Within each half of the latter is a series 
of short muscle-fibres arising near the middle of the outer wall and extending 
obliquely distad and toward the inner edge of the concave side of the organ, 
on which they have their insertions. The muscles occupy the entire len^h 
of each half of the proboscis, and their arrangement suggests that they 
serve to coil the proboscis. Unless there is some mechanical principle here 
involved that is not yet understood, we must assume- that the proboscis 
is extended by blood pressure in the same way that a toy paper '' snake '' 
is unrolled by inflating it, and it must be observed that the natural uncoiling 
of lepidopterous proboscis, beginning at the base and progressing toward 
the tip, has a striking resemblance to the unrolling of the inflated snake''. 
The mechanism for creating the assumed blood pressure, however, is not 
evident," 

The unsatisfactory state of our knowledge evident from the above 
quotations coupled with the difficulties we had to face in explaining the 
structure and working of the proboscis of Scirpophaga nivella led us to 
examine the whole problem afresh. We studied the structure of the 
proboscis in a few other moths and butterflies, namely, Utetheisa 
pnlchella (Uinn.), Noctnelia floralis Hubn., Earias fahia , (Stoll.) and 
Argyria sticticraspisHm^sn,, Danaida chrysippus (Linn.), D, limnidce (Cram.), 
Precis almana Linn., P. lemonias lAnn,, Catopsilla pyranthe (Linn.) and 
Delias etccharis Drury. As a result of this stud^^ we have been able to 
oft'er in the following pages an explanation of this puzzling problem, 
although in so doing we have been led to a view which is diametrically 
opposed to that held by all the previous workers. 

Structurally, the proboscis of nine out of the eleven species examined 
by us agree in all essentials with the text-book descriptions, but S. nivella 
which we have described in detail in this paper along wdth A. sticticraspis 
happens to present a special case different- from all other moths examined 
by us or described in literature. Therefore, the mechanism in the former 
group is being interpreted as that of t3^pical Lepidoptera while that of the 
latter two species as an exceptional case. 

(a) Mechanism in typical Lepidoptera 

The description of the general structure of a t^'pical lepidopterous 
proboscis is available in most of the modern- text-books. It consists of 
two identical gutter-shaped lateral halves held opposed to each other b^^ 
a series of inter-locking grooves and ridges along the margins of the tw^o 
gutters (Figs. 5, 6a 6^ 6b). Each half is essential^' a hollow- tubular 
structure, the wall of w^hich show^s a closety ringed appearance due to a 
series of transverse bands of thickened chitin along its entire length. 
These bands sometimes form complete rings and at other times remain 
only incomplete arcs. The musculature of each half consists of thick 
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short muscle bands stretched obliquely within the cavity of the tubular 
structure. These muscle bands are distributed almost throughout the 
whole length. They take their origiii ( 0 ) on the convex anterior wall and 
run distalty to be inserted on the concave posterior wall. Besides the 
muscles, the cavity also encloses a nerve and a trachea and gets the supply 
of hsemocoelic fluid- The problem is to interpret the working the 
coiling and uncoiling of this structure. ■ 


Anterior 



0. 1 mm.. 


Posterior 


Rig. 5. Transverse section of proboscis (one-half only) of Precis 
almana Linn. c. gutter (food-channel) ; c.l. chitinous 
. - - layer; epithelium ; m, muscles ; n. nerves; tr. trachea. 


For the coiling and 
uncoiling movements of 
a hollow tube like each 
half of the proboscis, 
only three kinds of forces 
can be expected to be 
effective, ■ i.e., {i) the 

variation of pressure, 
liquid or gaseous, within 
the . cavity of each half 
of the proboscis, {ii) the 
elasticity of the proboscis 
and {Hi) the muscular 
action within or outside 
the proboscis. Now let us 
consider each of these 
factors. The only possi- 
bility of • creating fluid 

pressure can be with the help of the hsemocoelic fluid (blood) or by gaseous 
pressure by means of air in the trachea. Both these possibilities are very 
suggestive and the blood-pressure has actually been suggested by some 
previous workers (Snodgrass, 1935 and Schmitt, 1938) as an active agency 
in bringing about uncoiling, but a careful consideration reveals the follow- 
ing serious difficulties in accepting this view : There is no mechanism what- 
soever for creating a liquid or gaseous pressure within . the proboscis. In 
the definite absence of any such mechanism it is only a speculation to 
think of a fluid pressure. Schmitt (1938), however, tried to interpret the 
existence of a ''pressure chamber'' with a " valve arrangement " ■ in the 
stipital region at the base of the proboscis, meant for creating a liquid 
pressure within each half of the proboscis. We are, however, unable -to 
support Schmitt's observations and contentions on either structural or 
experimental observations. Schmitt stated that as the. muscles inserted on 
the stipes draw the stipes upwards^ the tubular , part of the stipes be- 
comes a closed cylinder which he calls the " pressure chamber " and that 
with further contraction of the same muscles, the closed cylinder of the 
stipital portion is pressed against the recurved flange of the gena and 
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■the pressure thus created within the stipes causes an extension of the 
proboscis. ■ 

We are, however, unable to appreciate Schmitt's view that the stipes 
can be converted into a liquid-tight compartment. The muscles w^hich 
Schmitt describes as being inserted on a '' median flat sclerite '' are actually 
inserted within the cavity of the stipes at least' in the species studied by us. 



Fig. 6a. Diagrammatic sketch showing the attachment and direction of oblique muscles of 
typical lepidopteroiis proboscis. basal muscle ; cd, cardo ; w. oblique muscle ; 0. origin of 

oblique muscle and I. insertion of the same ; stipes. 6b. Diagrammatic transverse section of 
the proboscis of a typical Lepidoptera. c. food-channel formed by the gutters ; pr.c, cavity of each 
half of the proboscis ; hj. hinge or interlocking arrangement. 

Fig. 7. Diagram showing the various forces acting due to the contraction of oblique muscles 
in a t3q3ical lepidopteroiis proboscis. Lettering as in fig. 6. 

Fig. 8. Diagram illustrating the action of the model of a proboscis, s, spring in place of oblique 
muscles ; lo.s. watch spring in place of chitinous posterior (concave) wall of the proboscis, ti. tin 
strip rings in place of chitinous ring-like bands of the proboscis ; I. proboscis in the coiled condition 
and II. proboscis in the uncoiled condition when the springs are working. Rest of the lettering 
as in fig. 6. 

It. is difflcult to see how the opening of the stipital cavity CQ.n become 
liquid-tight, being closed by the contraction of the muscles coming out of 
the same opening into the head-cavity. It may^ also be noted that a valve 
meant for checking the flow of a liquid in the animal kingdom {e,g., valves 
within the • vertebrate heart and arteries, ostia of arthropod heart, etc.) 
is always closed by the internal pressure of the liquid of which the flow is 
■intended to be checked by the valve. In Schmitt's description of the valve 
within the stipes, on the other hand, only two chitinous structures are 
taken to be pressed against each other, by muscular contraction. The 
existence of such a valve, is not demonstrated, . , . 
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Despite above-mentioned difficulties iii accepting Schmitt's conten- 
tions, we tried to test his interpretations experimentally. We caught four 
specimens of Dmiaida chrysippus (Dinn.) and completely punctured their 
stip'es with the help of a needle (under the binocular microscope) without 
killing the butterfly. In all the four cases we found that after recovery 
from the shock due to injury, within half an hour or so, the butterfly 
began to uncoil the proboscis in response to mechanical irritation or food 
stimulus. We think that this experiment leaves no doubt that the fluid 
pressure within the stipes does not cause an uncoiling of the proboscis at all. 

Furthermore, granting that fluid pressure were the uncoiling agency, 
we should expect each half of the proboscis to be very much swollen up in 
the uncoiled condition and definitely compressed in the coiled condition. 
Observations both on living and fixed specimens definitely confirm that 
no such changes actually take place in the proboscis. 

It ma}^ be repeated that Snodgrass (1935) compares the uncoiling 
of the lepidopterous proboscis with that of the toy ]3aper snake " ; but he 
does not take into consideration the important fact that, whereas the tube 
of the paper '' snake " is definitely deflated during the coiled condition 
and becomes fully inflated in the uncoiled state, there is no such alteration 
in girth in the case of the lepidopterous proboscis. On- the other hand, as 
is shown below, the lepidopterous proboscis resembles the toy paper snake " 
in its coiling and not in its uncoiling mechanism. 

As regards the elasticity of -the proboscis being responsible for its 
uncoiling, the following . observations show beyond doubt that elasticity 
tends to coil the proboscis rather than bring about its uncoiling. 

a. After dissolving out the muscles by boiling the proboscis of any 
Fepidoptera in caustic potash solution, we find that the proboscis remains 
in the usual coiled condition. When the coils of such a proboscis are 
mechanically opened and then released, the proboscis returns to its normal 
coiled condition. This coiling back of the proboscis is undoubtedly due to 
elasticity of the chitinous portion of the proboscis. 

&. A close anatomical study of a lepidopterous proboscis (say 
Precis almana Finn.) shows that the structure is specially meant for 
rendering the organ elastic. There is a definite differential chitinisation 
in the anterior and posterior walls of the proboscis (Fig. 5). In most of 
the butterflies -examined, the posterior wall is much more rigidly built than 
the anterior wall. It appears that the posterior wall has the same function 
and relation as -the spring-wire running along the concave side of the 
'' paper-snake." which remains coiled due to elasticity of this spring-wire. 
Observations on living butterflies confirm the foregoing contention. By 
forcibly opening the. proboscis of any living, butterfly and then leleasing it, 
one can easily observe the mechanical rapidity .in the coiling of , the 
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proboscis, which is most probably due to its elasticity rather than to any 
vital agency like muscular contraction or changes in the fluid pressure. 

The agency of the fluid pressure being rejected in toto and that of 
elasticity being understood to bring about coiling, let us see if the uncoiling 
agency is the force of muscular contraction, although this force has been 
generally interpreted as a coiling agency. 

For a clear understanding of the possible functions of the muscular 
force, following structural points should be particularly noted in addition 
to the general description of the proboscis given above. 


Firstly there is a differential chitinisation of the anterior and posterior 
walls of the proboscis (Fig. 5). In the butterflies examined, there appears 
to be little doubt that the posterior wall, despite its ringed appearance, 
is definitely rigid and is incapable of allowing any shortening of its length ; 
the structure of the anterior wall on the other hand is such that the chitin- 
ous rings described by the various workers are separated by comparatively 
foldable and membranous spaces. , Thus it is reasonable to conclude that 
the elasticity of the proboscis is lodged within the posterior wall, which 
functions as the spring- wire of the toy paper snake and keeps the 
proboscis coiled, whereas the anterior wall is foldable and admits of uncoil- 
ing. Previous workers have not appreciated the differential chitinisation 
stressed by us, although as will be shortly clear this fact is of fundamental 
significance in interpreting functions of the proboscis muscles. 


Secondly the point of attachment (Fig. 6a, I) of the oblique muscle 
fibres on the posterior wall is distal to its point of attachment (0) on the 
anterior wall. 

Thirdly the chitinous rings of the proboscis are rigid continuations 
of the posterior wall and even their anterior portions which afford points 
of origin to the oblique muscles, do not yield to the bending force of these 
muscle fibres. 


With the foregoing data let us try to understand the mechanics of 
the proboscis muscles. 

The direction and attachment of the muscles have been diagramaticahy 
represented in Fig. 6, while the direction in which the forces work have been 
shown in fig. 7. When the muscle (m) contracts, there is a pull on both 
the points i & O in the direction of the line I O. Now the force 00' can 
be resolved into its components OV and OH respectively. Similarly, the 
force II' can be resolved into the components IH and IV. Of these four 
components, the component OH is opposed by the unbendable nature of 
the chitinous bands on which O lies and which do not bend in the direc- 
tion OH, whereas the component TV is opposed by the unfoldable rigidity 
of the posterior wall of the proboscis. Thus the two effective components 
OV and IH form a couple OV, IH, tending to uncoil the i)roboscis, 

“Indian J. Ent., 3 (2)” 













192 • S. Eradpian & N-. S. Arkn . ' 

It may also be noted that the component IV is greater than the component 
IH, as is apparent from the comparative lengths of the lines which represent 
in direction and magnitude these components in the diagram. It is, 
therefore, clear that if the component IV is not opposed by the rigidity 
of the posterior wall, then this component would be more effective than 
IH and the contraction of the muscle would bring about the coiling of the 
proboscis. Hvidentl}^ previous workers did not take into consideration 
the rigidity of the posterior wall, which does not admit of any shortening 
in its length and it is this omission which has led them to the conclusion 
that. oblique muscles bring about the coiling of the proboscis. 

The theoretical arguments put forth in the above paragraph have 
been more than amply demonstrated by an artificial model shown in fig. 8. 







Fig. 10. The same as fig. 9. (uncoiled- condition, springs working). The magnification of 
this photograph is less than in fig. 9. Lettering is the same. 

In this model, which represents only -one half of the proboscis, the chitinous 
rings are represented by a series of tin strijo' rings soldered along a piece of 
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clock-spring {w.s.) representing the posterior wall of the proboscis. Within 
the ringed tube thus constructed, the oblique muscles of the proboscis have 
been represented by a set of springs vS ; when these springs are contracted 
by means of hooks in the same direction as the oblique muscles are attached, 
the contraction of these springs brings about the uncoiling of the model in 
exactly the same way as the lepidopterous proboscis uncoils itself (Figs. 9 
and' iq). There can hardly be any more convincing evidence in favour of 
our interpretation that the; oblique muscles bring about uncoiling. Of 
course it may be mentioned once more that in the model also the posterior 
wall has been made so rigid as not to admit of any shortening of its length. 
It has also been demonstrated by means of a similar model that in case the 
anterior wall is rigid instead of the posterior the same oblique muscles 
tend to coil the proboscis. . 

Thus contrary to all the prevailing belief, we come to the conclusion 
that the uncoiling .of the proboscis is. brought about by the contraction of 
the oblique muscles, whereas the coiling is the result of the elasticity of 
the chitin of the coiled posterior wall. 

In support 'of our view, we may also point out the fact that the 
proboscis remains coiled in the normal condition of rest. In case the con- 
traction of the oblique muscles were to bring about coiling, the muscles 
will have to remain contracted throughout the period when the proboscis 
is at rest. This continued strain on the muscles during the period of rest is 
unlikely. Evidently the previous workers have unconsciously erred in 
. maintaining that the ringed structure allows the coiling of the organ. What 
ought to be definitely realised is that the proboscis in its natural and abso- 
lutely unstrained condition is a coiled structure, which due to the foldable 
nature of its anterior wall allows of uncoiling when the oblique muscles 
contract. 


[b] Mechanism in S. nivella 

As already stated, j)roboscis of S. nivella and A . sticticraspis presents 
an exceptional case, not recorded so far, in the following peculiarities : 

1. The oblique muscles which have been interpreted so far by every 
worker, including Schmitt (1938), as causative agents in bringing about the 
coiling of the proboscis and which have been described by Imms as '' dia- 
gonally crossing the proboscis and by Snodgrass as ''extending'' 
obliquely within each half of the proboscis, are absent in S. nivella. , 

2. The musculature in S. nivella consists of two separate muscles 
for two different functions, viz., (i) of coiling and (2) of uncoiling the pro- 
boscis, which processes are brought about in the manner described below. 

3.. Unlike other Eepidoptera, there is little differential chitinisation 
in the wall of the proboscis and whatever little there is, it is in the reverse 
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direction, the anterior wall being more cliitinised than the posterior. 

Coiling.-. — The coiling of the proboscis in 5. nivella is brought about 
by the contraction of a set of muscles in the proboscis as well as by the 
elasticity of the proboscis. The muscles in the proboscis of S. nivella 
differ from the oblique muscles in that they do not run obliquely within the 
proboscis, but are stretched longitudinally and are situated much more 
closel}^ nearer the posterior than the anterior side of the proboscis. Thus 
there remains little doubt that the contraction of these muscles brings 
about a shortening of- the posterior wall, which unlike in other- Tepidoptera, 
is foldable in 5.- nivella. 

The fact that the elasticity of the proboscis brings about or at least 
helps the coiling of the organ is more than fully proved by ‘the fact that 
after dissolving out all the muscle-fibres with the help of caustic potash 
solution, the proboscis still remains coiled and that . if it is artificially 
uncoiled and then released it returns almost to its original coiled condition. 
It must, however, be kept in mind that the elasticity of proboscis in the 
case of S. nivella can be expected to be in the anterior wall and not in the 
posterior wall, as in other lepidoptera. . * 

Uncoiling. — The uncoiling of the proboscis is evidently brought about 
by the so-called basal muscle. The contraction of this muscle pulls back 
the anterior wall of the proboscis, this being rendered possible by a. definite 
weakening of chitin, ' already described, proximally to the insertion 
of the basal muscle.- The pulling back of the anterior wall of the proboscis 
naturally brings about the uncoiling of the short proboscis of S. nivella. 
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... . yil. Summary 

Detailed account ’of the imaginal mouth-parts of ' Scirpophaga nivella 
(Fabr.) and of coiling and uncoiling mechanisms of lepidopterous proboscis 
forms the subject of the paper. . . 
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The new facts brought to light by this study of the mouth-parts are : 

1, The lacinia which is believed to he absent in all Lepidoptera except the Microptcrygidai 

is distinguishable in this Pyralid also. This insect represents an interesting stage, in 
which the lacinia is half-way in the process of incorporation with the base of the galea. 

This study thus affords a direct support to the suggestion of Berlese (1910) about the 
fate of lacinia in Lepidoptera. 

2. A pair of minute mandibles with reduced mandibular abductor muscles is present in this 

species. 

The study of the proboscis-mechanism has led to the following con- 
clusions : 

(1) The oblique muscles of the proboscis, so far interpreted as the coiling agencies, do I 

actually uncoil the proboscis. ! 

(2) The coiling is brought about by the elasticity of the chitinous wall of the proboscis. 

(3) Blood pressure which had been suspected by others and explained by Schmitt (1938) to j 

be the uncoiling agency has nothing to do with the uncoiling of the proboscis. I 

(4) The proboscis of S. nivella presents an exceptional case. In this insect there are no oblique | 

muscles so common in other Lepidoptera. The coiling is brought about partly by a set | 

of longitudinal muscles and partly by the elasticity of the chitin itself. The uncoiling 

is brought about by basal muscle. ( 

Thus the chief importance of this paper lies in the explanation of i‘ 

the so far puzzling problem of the coiling and uncoiling mechanisms of { 

lepidopterous proboscis. ji 

i • 
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HOST-SELECTION BY 8PATHIUS 0BIT0LAU8 NIXON, 
AN IMPORTANT PARASITE OF PEMPHERULU8 
A FEIN 1 8 (FAUST) IN SOUTH INDIA 

' • By P. N. Krishna Ayyar, 

AgriciiUurai Research InstiMe, Coimbatore, 

Introduction 

One of the most notable develoj)ments in the field of insect 
parasitism is the increasing attention paid to the problem of* host-selection. 
Such a selection has been variously argued as merely due to the physiological 
urge of a gravid female for releasing her mature eggs, prompted by instinct 
or sensory impressions. Recent studies by Salt (1935) and Lloyd (1938) have 
shown that the parasite female does not adojDt a random distribution of her 
progeny among its host population, without reference to the nature and 
condition of the hosts but displays considerable discriminatory faculty in 
the choice. The finding of selective faculty in parasites at once sets the 
problem of host-selection as one of fundamental importance, b}^ reason of 
its direct application in the practice of biological control. It is in this field 
that one has to look for explanations for many an obscure phenomenon 
such as superparasitism, multiparasitism and the like, which have a 
vital bearing on parasite-introductions. 

Previous work in the line, — Though a large amount of scattered 
information on the problem, of host-selection exists in literature, 
experimental investigations in this field have been very few. Salt 
(1935) has studied this aspect in great detail in resjiect of the 
polyphagous egg-parasite, Trichogramma evanescens Westw. Similar 
work on the Chalcid, Microplectron piscipennis (Zett.), parasitising the Ten- 
thredinid. Diprion, was published by UlL^et (1936). Llo^’^d (193S) has 
published his studies on the gipsy-moth egg-parasite Ooencyrtus kuvance 
Howard. Salt and Lloyd have shown that these egg-parasites are able to 
distinguish between parasitised and unjDarasitised hosts and partially 
refrain from ovipositing in the former. The most recent publication on 
the subject (Lloyd, 1940) demonstrates this capacity in the Ichneumonid 
genera, Diadromns and Angitia, parasitic on Plutella macuUpennis (Curt.). 
These studies are obviously too few to admit of generalisation. Further, 
apart from a brief stud3yof Apanteles plntellcB Kurd, by Llo3^d (1940), no 
Braconid seems to have received serious attention in this direction. The 
aim of the present work, therefore, is to record the results of investigations 
on the selective faculties of the Braconid Spathms critolans Nixon. 
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Scope of the present shtdies.—'i'he present investigations have bee 
designed to examine two different aspects of the problem, firstly to test 
the tropic responses of the parasite to sensory impressions awakened by 
Z Lsl relative to its shape, size, textare and odour. In he 
an attempt is made to determine the factors governing the incidence, ot 
superparasitism and the general inter-actions of host-parasite popu a ion . 

General biology and oviposition habits. -Spathius Nixon is a 

primaS ecto^hfgous larval parasite of the . ^te-boring weevil, 
Pempherulus affinis (Fst.), a major pest of cotton 111 ' ^ ^ ^ q 

biology and habits of the parasite have been already reported m so We ted 
YKrishna Avvar 1040) ; a brief outline of which is given here. The speci 
how^a pteferLe mature host-grubs and occasionally accepts medmnv - 

sized gruls third and fourth instars), but “^^^^J^torTsSs 

Jt,rt£”:nd W"- a«Ss “L"; 

Sphenoptera arachtdes. Jb p Trmmfetta thomboidea and 

z:ciZfait:rn:}m^^^^^ 

coromandelianum, mbtscus vthfohus. H ^,eevil’s 

KfpS Besides i is amenaMe to nra^ multiplication on its alternate 

^ S d-r 

taken as a preliminary to its utilisation 111 biological control. 

«/ t^rin ri« 

female parasites used 1 . ^ Unless otherwise stated, they were 

Sedtr a perlirnot' exSLg te 

oftoefTstre^'^oX, the conditions provided for each set o^ 
ot tnrec. jn.o _ i trials where comparison ot results is 

cere made almost identical. In all tiiiUs vm P ^ 

needed, experiments ^hh on^rf the j.,4 3i,se the 

been ;,overed " hosts as distinguished from naked or 

parasites accept on 3 ^ ggcured and lodged in artificial 

exposed hosts nnpam ttsedho^^^^^^ or in gelatine capsules as 

cells 111 steins oi plants o Tr^^r»^ The female parasites 

described in a previous paper hosts for a fixed 
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behaviour of the parasite in the laboratory has been compared with 
observations in the field. 


Experiments to test sensory impressions 

Discrimination between true and false hosts. — Very nearly 200 experi- 
ments were carried out with various kinds of hosts to see whether the 
insect is able to select the true from false hosts. Table I below furnishes 
details of the trials together with results obtained. In these experiments 
all hosts were enclosed in gelatine ca]psules, except in the case of those 
presented naked. 


Tabee I. Capacity of the parasite to discriminate between true 

and false hosts 


Host and method of supply 

No. of trials 

No. of cases of , 
oviposition 

Pieces of pith of the size of Pcinj^herulus griibs in gelatine 

10 

' Nil 

CctJJo lllvo 

- do - of the size of grub of Uypolixus tmncaiulus 

10 

Nil 

Hypolixus grubs 

76 

31 

Sinoxylon sudanicum grubs 

10 

7 

Potter-wasp grubs 

6 

1 

House-fly maggots 

6 

Nil 

Cattle manure beetle grubs (Melolonthids) 

. 6 

Nil 

Honey-bee larVce 

27 

Nil 

Chilo sim 2 )lex caterpillars " 

IS 

Nil 

Pruitfly maggots ^ 

10 

Nil ! 

Zizypilius fruit-borer pupce 

3 

Nil 

Zizyphus fruit-borer caterpillars 

3 

Nil 

S])lienop)tera gossypU grubs 

9 

4 

House-fly pupas 

10 

1 

Ant cocoons 

6 

Nil 

Naked ant pupje 

6 

Nil 

Alcides affaber pup 03 

16 

Nil 

Alcides early grubs * . . 

16 

NU 

Alcides mature grubs 

16 

4 

Apion grubs 

6 

3 

Adcides grubs naked — not in capsules 

16 

Nil 

Pempherukis grubs „ „ 

16 

Nil 

Hypolixus grubs „ ' „ 

16 

Nil 

S]}hmoptera grubs „ • 

.6 

Nil 


It will be noticed that oviposition occurred, though varying in extent, 
on all coleopterous stem-borer grubs such as Alcides, Apion, Hypolixus 
(Curculionidse), Sinoxylon (Bostrychid^) and Sphenoptera (Buprestidae). 
Other coleopterous grubs like Melolonthids were not oviposited upon. 
False hosts like Chilo simplex caterpillars, Zizyphiis fruit-borer caterpillars, 
honey bee larvae and pupae, ant cocoons, fly maggots, etc., were not 
accepted for oviposition.- Foreign inanimate bodies like pith pieces were 
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not touched at all. Two cases of abnormal oviiDOsition were observed once 
on potterwasp grubs and again on house-fly pu^Dse. These cases have to be 
accounted for as due to an '' error of instinct '' rather than due to any 
deliberate choice. Barring these two abnormal instances, the parasite has 
displayed in the great majority of trials a cai^acity to reject all false hosts 
and choose only such as are closely akin to its true and normal hosts. It 
may also be evident that the species pays no attention to exposed or naked 
hosts even if they hai^pen to be its true hosts. 

Shape. — ^The experiments described above serve to shed , some Hght 
on the shape of the host as a factor influencing acceptance or rejection. 
False hosts like pieces of joith modelled in the shape of its true hosts were 
rejected. Curculionid grubs which are more or less cylindrical differ very 
much in shape from the flat-headed borers like Sphenoptera (Buprestidse), 
while both these forms differ widely from Bostrychid grubs like those of 
Sinoxylon. Yet all these are seen to be oviposited upon. It is, therefore, 
evident that shape by itself is not a deciding factor in the choice of the 
host. 


Tabi,e II. Oviposition on false hosts smeared with body fluids 

of natnraV hosts 


Host and motliod of supply 

Ho. of trials 

Ho. of cases of 
ovi2)osition 

Ant grubs smeared with Pcmxilierulus fluid in capsules 

12 1 

Hil 

Ant grubs smeared with Hypolixus fluid in . „ 

12 1 


Pith pieces smeared with Pempliendus fluid in ,, 

12 


Cattle' manure grubs smeared with PemjjheruUis fluid in „ 

12 I 


Ely maggots smeared with Pcmidierulus fluid in „ 

Chilo. simplex caterpillars smeared in Pc7)i2)heriilus 

12 1 


fluid in „ 

12 1 


Pemph&rulus grubs in „ 

12 

] 

0 


Odonr tests. — It is well known that the odour emanating from a plant 
or andiisect host forms the basis of an initial attraction of many insects for 
oviposition and feeding. Since the ^Darasite does not accept exposed hosts 
it may be conceded that the trials in odour mainly concern that of the 
covering. Nearly 200 trials with various kinds of hosts smeared with or 
soaked in the body fluids of its natural hosts and provided in gelatine 
capsules and in a variety of plant stems were made as detailed in Tables II 
and III. In the case of gelatine capsules miiiute pin holes were made 
in them for facilitating the odour of the enclosed host to emanate. 

It may be seen from these tables that pith x^ieces, ant grubs 
cattle manure grubs, fly maggots, etc., even though soaked in the 
blood of true hosts, were always rejected. It is also evident that true 
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hosts sujDplied in various stems including hollow reeds, cholam {Sorghinn) 
stems are oviposited upon. These indicate that odour either of the host 
or of the plant is not by itself a decisive factor and that the selection is 
probably to a great extent governed by the contact stimulus between the 
ovipositor of the parasite and, the host body. 

Tabue III. Oviposition on hosts S'UppUed in different plants 


Host and method of sui:)])ly 


Hy 2 )oUxtis grubs in cotton stems 
. in hollow reeds 
,, „ amaranthus stem 

, „ cholam stem 

' Pemplierulus „ amaranthus stem 

„ ' ,, cotton stems 

„ „ 8ula spinosa 

„ „ Gorchorus olitorius stem 

, „ Malvastrum stem 

Sinoxylon „ cotton stem 

„ „ amaranthus stem 

„ „ cholam stem 



No. of trials 

No. of cases of 
oviposition 


9 

5 


9 

6 


9 

5 


9 

2 


25 

9 


12 

7 


9 

3 


9 

4 


9 

3 


9 

5 


9 

3 


9 

1 


ji Trials on texture and form of covering , — Prior to oviposition, the parasite 

female explores the region carefully by its olfactory and tactile sense organs, 
such as antennae, tarsi and sheaths of ^the ovipositor. The examination is 
I' probably concerned with location and testing the suitability of the texture 

of the host and of the covering provided. Results of trials carried out with 
different kinds and forms of wrappings are detailed in the Table IV : 


Table IV. Oviposition on hosts under different kinds of wrappings 



Host and method of supply 


HyiMxus grubs rolled up in war printing paper 
„ black paper 

„ thick white paper 

„ , „ red blotting paper 

„ „ tin foil (cigarette case) 

,, „ tissue paper 

„ , reeds 


No. of trials 


No. of cases of 
ovix:)Osition 


8 

8 

12 

8 

8 

8 

8 


1 


3 

Nil 

Nil 

3 


The results set forth in Table IV prove that the texture and the 
form of wrappings do not govern oviposition to any appreciable extent. 
Oviposition was secured on Hypolixtis grubs in ah the different kinds of 
envelopes such as brown paper, blotting paper, reeds, etc., except in the 
case of tin foil and tissue paper. The parasite failed to oviposit in tin 
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foil iDrobably due to its impenetrable nature for the ovipositor. In regard 
to tissue paper, it may be that the covering provided is too thin and 
transparent. Being polyphagous, the parasite appears to reconcile itself 
to a variety of envelopes of different textures and forms. On the question 
of the texture of the host body itself, the parasite appears to be indifferent, 
since eggs are seen to be deposited on both the soft parts as well as hard 
chitinised parts like head capsule. 

Specific staduim and size of host preferred. — Preliminary studies 
indicated that the size of the host has considerable bearing on the choice. 
Over 700 trials with all its natural hosts presented in a wide range of sizes 
were conducted in individual cages to test the importance of this factor 
in the matter of selection. Table V records details and results of these 
tests. 


TabuK V. Oviposition on hosts of different stadia and sizes 


Host and method of supply 


No. of No. of cases 

trials of oviposition 


Hypolixus pupaj in amaranthus stems 
„ prepup ai in ,, 

„ II instar grubs in „ 

III 

,, IV 

V » . - 

PemX)herulus early grubs in cotton stems. 

„ medium grubs- „ 

,, . rriature grubs „ 

„ pupa „ 

„ prepupcB „ 

Sinoxylon early grubs in cotton stems 

mature grubs „ 

„ pupre 


12 

24 

165 

165 

165 

165 

12 

12 

12 

12 

12 

12 

12 

12 


Nil 

1 

34 

36 

29 

20 

1 

3 

9 

Nil 

1 

2 

8 

Nil 


The data recorded in Table V indicate a distinct perference for a 
particular stadium in the development of the host grubs. Pupae are totally 
rejected. Prepupae are also not readily accepted and only an occasional 
oviposition is seen. In Pempherulus and Sinoxylon, early stages of grubs, 
which are too small to afford sufficient food for the offspring are less pre- 
ferred than full-grown ones. In the case of HypoUxtts grubs, which are 
comparative^ large-sized, the later instar grubs such as IV and V are less 
acceptable than the earlier small-sized ones. Besides, large-sized grubs of this 
host are only partially paralysed by the sting of the ovipositor. Anyway,, 
the preference for mature grubs of PempheniUis and Sinoxylon is clearly 
evident. This discrimination is probably based on the optimum quantity 
of nutrition available for the sustenance of the parasite larva. In other 
words, the choice is restricted not only to a particular stadium but also to 
some extent to ail appropriate size of the host. 
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Trials with parasitised, dead, diseased and mangled hosts. — Table VI 
presents results obtained from about 250 separate experiments on diseased 
and dead hosts. All hosts were supplied in amaranthus stems. 


Tabi,e VI. Oviposition on parasitised, injured and dead hosts 


Host and method of supply 

No. of trials 

No. of cases of 
ovijiosition 

nypolixiis grubs containing a parasite egg presented to 
same female 

30 

4 

,, to different female 

24 

4 

,, grubs containing first stage parasite larva 

offered to same female 

29 

1 

„ grubs containing first stage parasite larva 

offered to different female 

21 

1 

,, grubs containing second stage parasite larva 

offered to same female 

18 

Nil 

„ grubs containing second stage parasite larva 

offered to different female 

18 

Nil 

Paratysed Hypolixus grubs with egg removed 

18 

2 

Eypolixus injured slightly (pricked by a needle) 

18 

8 

„ killed in boiling water (finally passed through 

cold water) 

24 

Nil 

„ crushed but active 

23 

2 

„ (blackened and diseased grubs) 

18 

Nil 


It ma}’’ be noted that host grubs already containing a parasite egg 
are occasionally accepted by the same female and are to a slightly greater 
extent acceptable to a different female. Host grubs having a first stage 
parasite larva are only very rarely accepted. Hosts possessing more 
advanced parasite larvse are not accepted at all. Paratysed stages of hosts 
are sometimes acceptable for oviposition ; dead and diseased hosts are 
entirely rejected. Injured host stages are generally untouched but are 
acceptable when the injury is slight and the grubs are active. It is evident 
from the above, as pointed out b}^ Salt (1934)', that the ovipositing female 
is, in a way, able to discriminate between a parasitised host and a non- 
parasitised one, parasitised. by herself and by others, as well as inactive, 
dead, diseased and injured ones. 

In summing up the results of these experiments, it is evident that 
tropic responses influencing the attraction or rejection of a host seem to 
be highly complex and difficult of analysis. It looks as if no single factor, 
by itself, is responsible for the observed effect. Curcuhonid stem-boring 
grubs and allied coleopterous grubs with similar habits are more readily 
accepted as hosts than others. Objects of the same size, shape or odour 
as the hosts are generally rejected. It would appear that the shape, 
odour and texture of the host are of only minor importance in their accept- 
ance for oviposition. Size of the host within certain limits seems to exercise 
some appreciable influence in the choice of the prey. The final selection 
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by tlie parasite, however, appears to be governed by the presence of an 
active, stem-boring curctilionid or other allied coleopterous larvee of similar 
habits (within a definite range of size) beneath a covering. . ‘ 

Discrimination bxperime:nts in oviposition and progeny 

DISTRIBUTION 

A series of experiments was carried out with this species to study 
the powers of the female parasite to distinguish between unaffected healthy 
hosts and those alread}^ parasitised. Experimental data are presented to 
elucidate the factors governing the incidence of sujDer-parasitism, mortality, 
restraint, etc., relative to the number and nature ,of insect hosts and their 
various plant associations. ’ The technique of presenting the host to the 
parasite is the same as described in the earlier paragraphs. 

. (i) Healthy iinparctsitised host-gnibs and newly parasitised grubs but 
with egg removed. — A regular supply of. newly parasitised grubs was obtained 
by exposing healthy grubs enclosed in stems to the feniale j)arasite. The 
parasitised grubs were, examined and the eggs found laid were all removed 
leaving the stem with. only the paralysed host grub. This was f)resented 
to the female parasite along with a fresh unparasitised host grub. "Nearly 
seventy experiments with a set of ten females were made and the results 
obtained show that 52 eggs were laid on fresh grubs, i.e.\ 74.3 % and 5. eggs 
on parasitised grubs, i.e., 7.1%. The results demonstrate clearly that 
the female parasite is able to discriminate between fresh grubs and para- 
sitised grubs, even though the eggs are removed. It ma}^ also be seen 
that paratysed grubs are not totally rejected, though a high degree of pre- 
ference is shown to fresh hosts. 

(2) Healthy unparasitised hosts and hosts with various developmental 
stages of parasite . — • . 

(a) Healthy - host grub and parasitised grub with one egg. — ^In This 
category 56 trials were made with a set of 12 females. The results 
obtained show that 38 eggs were laid on fresh grubs and- a single egg was 
laid on host grub with an egg alread^^ laid on it. • In the case of host grubs . 
parasitised with one egg offered with fresh grubs, aiDronounced discrimina- 
tion was shown in that only 1.78 eggs per 100 trials were observed as 
against 67.85 eggs on fresh grubs. 

(&) A parasitised grub with one egg and one with first stage larva . — 
A total of 33 trials in this category was made with a set of 7 females. The 
results show that one egg was laid on a host, with an egg already, and no 
oviposition at all on hosts with a first stage j)arasite larva. 

A pronounced avoidance of hosts with parasite eggs is noted as 
seen from 3.0 eggs per 100 trials and a total rejection of host grubs with 
first stage larva is evident. It is also clear that • considerable restraint is 
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exercised b3^ the females in refraining from oviposition. Trials with hosts 
having more advanced parasite stages (such as second and third instar 
larvie) were made with similar results, namety total rejection. The results 
are the same whether the parasitized stages are offered to the same female 
or different females. 

These experiments clearty bring out the following points. The 
parasitized hosts are general^ avoided when a choice is offered. When 
no choice is offered the females exercise restraint to a surprising degree and 
reject hosts containing even 3^ounger parasite larvae. . The selective powers 
in the species are very marked. 

Siiperparasitism in relation to the nnmher and nature of hosts 

It is well known -that there exists some relationship between the rate 
of oviposition of a parasite female and the density of host population. 
It has also been noted that superparasitism under certain conditions occurs 
more frequently than under others. Experiments were carried out to 
elucidate the relation betw^een incidence of superparasitism with the nature 
and number of hosts and results are set forth in Table VII. 


r 


Tabue VII. Influence of nature and mimber of hosts on the incidence 

of super parasitism 


Stage of 
PemfJieridus 
supplied 

No. of hosts 
supplied per 
female 

No. of 
trials 

No. of 
eggs 
laid 

Percentage • of 
superparasitism 

No. 

of 

$$ tried 

Pupa 

1 

46 

m 

Nil 

6 

Prepupa 

1 

46 

2 


6 

Mature grub 

1 

59 

56 

22.03 

6 

93 

2 

69 

65 

27.53 

6 

99 

3 

69 

69 

17.39 

6 

99 

4 

104 

50 

4.80 

6 


An examination of the above table confirms the results of previous 
trials that pupae are alw^ays rejected. Prepupae are also avoided but under 
certain circumstances an egg may occasionally be laid, (2 cases of oviposi- 
tion ill 46 trials). The results obtained in experiments with an increasing 
number of mature host grubs are interesting. A gradual increase of oviposi- 
tiqn occurs from 56 in trials with one host up to 69 in trials with 3 hosts per 
female. It appears, therefore, that the limit of maximum oviposition is 
reached with the optimum of three hosts. But the figures indicating the 
percentage of superparasitism are more illuminating. In the presence of 
only one or two hosts, the percentage of superparasitism is as high as 
22.03 and 27.53, but when 3 or 4 hosts were presented, the. incidence, of 
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super j)arasitism fell to 17.39 and 4.80 ; these figures are very significant. 
It may be inferred from these trials that suiDerparasitism, to some extent, 
decreases when number of hosts available increases from two to four. 

Sitperparasitism in relation to the food-plants of the weevil 

Pempherulus is oligo^^hagous and among its natural food-plants may 
loe counted a large number of malvaceous and some tiliaceous plants. Painter 
(1936) states that food-plants of hosts influence the incidence and effective- 
ness of insect j)arasitism through their effect on death-rate and fecundity. 
Taylor (1937) quotes Picard and Rabaud (relative to Heliothis armigera) 
that parasites in some cases are not so much attracted by specific insect hosts 
as by the plant on which they live andffeed. This also appears to be true 
in the case of another j^arasite of PempheniUts, namely, 5 . labdacns Nixon, 
which has been so far observed to occur only in association with the plant 
Trmmfetta rhomboidea. The species under study, on the other hand, 
j)arasitizes the host in different food-plants. The influence of different 
food-plants- on its incidence, ovijposition, superiDarasitism, mortality, etc., 
in comparison with its primary host (cotton) was investigated. In this 
series, the plants tested included both the natural food-plants of the 
weevil as also several, others. Among the latter were included some 
plants with unusual characteristics and possessing acrid juices, gummy 
exudations. or having a poisonous composition. , 

In all these trials, as previously described, the host [Pempherulus) 
was lodged in the particular plant and presented to the females together 
with' a host in cotton, so as to afford a' choice and thus eliminate coercion. 
In the case of tests with leaves or paper, the host was rolled up in 
the same. The results are recorded separately for each lolant host [vide 
Tables VIII & IX). • 

The data obtained from these experiments apj)ear to be ver}^ difficult 
of interpretation ; some imj)ortant conclusions can yet be deduced from 
them. It is seen that oviposition occurs in hosts enclosed in both their 
natural and other food-plants, save a few definitely poisonous plants such 
as Calotropis, Datura and tobacco. Among the weevil's natural host- 
plants, some are more acceptable and others less than its ^Drimar}^ 
food-iDlant, viz., cotton, as measured by the percentage of super- 
parasitism. It is known that the female parasite ordinarity avoids , ovi- 
positing on an already j)arasitized host. Hence if super];)arasitism takes 
place in one plant species, it may. be presumed that the other plant offered 
as choice is less acceptable. In other words the greater the superparasitism 
in one species the less the attraction exercised by the other plant which is 
available as Choice. In the case of. all trials with unnatural (non-host) 
plants there is a greater percentage of superparasitism in cotton (except in 
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paper eovering), showing thereby that the female parasite prefers to ovi- 
posit on an alread}^ parasitized host in cotton to a fresh host or a similar 
host in the non-host jilant. Thus, the food-plant of the host is seen to 
influence the oviposition and superparasitism to some extent, though the 
host insect inside is the greater deciding factor. Whether this discriminating 
faculty displayed b3^ the parasite between host plants and non-host x>lants 
can be taken as a criterion to test and distinguish the natural host from 
others, it is too premature to decide from the data available. The sugges- 
tion contained in the statement, if found to be true and applicable in other 
cases, will prove to be of far-reaching significance. 


. Table VIII. Incidence of parasite on host, siipplied simultaneously in 
, cotton and other natural host plants 


Plant species ‘ 

Number of 
trials 

* Percentage of siijjerparasitism 

in cotton 

in other sp. 

1 . ■ ■ ' 
Malvastnim coromandelianum . , . . 

42 


2.38 

Trmmfella rhomhoidea. . ' 

' 52 • 


1.92 

Hibiscus vilifoUus . . . . ‘ . . • 

.45. 


2.22 

Sida sjnnosa 

42 ' 



Hibisous ficulneus ... .. .. 

46 



fSida rhomboidea 

42 ^ 

. . 4.76 

.2.’38 

Urena sinuata . . 

48 



CorcJiorus qliioriiis 

20 


, , 

C. acutanguhis ' . . ... 

20 

. 5.6’ ’ 

, , 

Sida acuta . . 

20 

5.0 

V ' ' 

Pavonia zcylonica . . . . . . 

20 

15.0 

15.0 

Karungamii cotton . . . . . . 

12 

8.33 

4.6 



Mortality in superparasitism 


. Normally a single egg is laid on one host, but on rare occasions 
as many as six or seven eggs are laid on some large-sized host grubs. The 
maximum number of adults emerging from a single host has never exceeded 
six. Ordinarily the emergences from superparasitism.are very much limited 
and form only a fraction of the number of eggs deposited. Table X 
furnishes' data on superparasitism on hosts in association with various 
species of plant. 

The data do not indicate any appreciable difference in the emergences 
between natural host-plants and others. These, however, demonstrate 
that ■ superparasitism is hot accompanied by a development of the 
entire progeny. 

Superparasitism AND delayed facilities for oviposition 

In order to. test whether, superparasitism is influenced by irregularity 
in finding oviposition-facilities. due to scarcity of hosts, adverse wea.ther 
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cbiiclitions, etc., the following series, of experiments were carried out with 
delayed facilities for oviposition. A sufficient number of females was kept 
isolated on emergence individually in tubes, fed, mated and kept for 
varying periods up to. a maximum of 35 days, without providing hosts 
for oviposition. Hosts were provided in the usual manner after the lax^se 
of a definite number of days and the results are recorded in Table XI. 

Table: IX. Incidence, of parasite on host, supplied simnltaneonsly in 
cotton and nnnatnral {non-host)-plantf^ 


Plant species and paper 

iSTumber of 
trials • 

Percentage of superparasitism 

in cotton 

in other sp. 

Gorchorus trilocularis . . 

42 



Trmmfetla roimidi folia 

40 

2.50 


Azadirachta indica . . 

31 

2.58 

i.61 

Paper . . . ' . . 

30 

3.22 

6.66 

Taviarindiis indica . . . . ... 

33 



Pomegranate . . 

■ 31 , 

3.33 


Mur ray a ho nig i \ ’ 

30 

16.61 . 

13.33 

Mangifera indica 

30 

20.0 

16.61 

Pongamia glabra • . . 

21 



Pdtoforum ferruginium 

21 

9.52 

4.76 

Acacia arabica ' . . 

21 



Hibiscus rosa-sinensis . . . . • . . 

20 : 

10.0 

5.0 

Thespesia popubiea 

20 

10.0 


Andro 2 )ogon sorglmm , . . . 

20 



Opunlia dilenii , . . . . . . 

• 20 

35.6 

5.’o 

Glyceridia maculaia 

18 ; 

33.3 

'27.7 

Galolropis giganlia (leaf) . . . . . 

IS ; 

5.55 

5.55 

- do - (stem) • , , 

17 : 

11.76 


Ficits religiosa 

15 

13.33 

. . 

Tlievelia . . . . . . 

; 19 

42.0 . 

10.5 

Tobacco leaf 

! 14 

14.28 

. , 

Agave americana .. .. .. ‘ 

15 . 



Dakira Ifeaf) I .. 

15 : 

13.3 

\ 

— do — (stem) ... 

15 ! 

26.66 



Oviposition commences only on the third day. The data on super- *■ 
X^arasitism show a maximum • average of ^ 50% on the 4th and 8th days, 
with var3dng fluctuations uxd to 12 days. The maximum of ovixDosition 
was obtained with , females 4 and 8 days old. There was no oviposition 
after 31 da^^s. The egg-la3diig capacit3^ is not materially increased by 
X)revention of ovix^osition. There seems to be a maximum number of eggs 
which develop in the ovaries and this is reached witliin about, 8 days. 
No further increase occurs thereafter. • , • ’ 


In all these cases the total number of eggs laid varied veiy much and in certain cases the 
number of eggs laid in non-host plants was (paradoxical as it might look) far in excess of those 
laid in cotton. •• 
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Condition of the ovaries with :^eferencb to age and restraint 

The following experiment was carried out to see whether accumulation 
of eggs in the. ovary occurred due to exercise of restraint by the females 
in the absence of suitable hosts for oviposition. A series of females on 
emergence were mated and kept isolated for periods ranging from i to 21 
days without providing hosts. Dissections of gonads were made on 
different dates and examined for the number and nature of eggs present. 
The Table XII provides the average of several observations. 


Tabee X. Superparasitism and survival of parasite on hosts supplied in 

different plants 


Plants enclosing host 

No. of cases of ^ 
superparasitism 

Total No. of 
eggs laid 

Percentage of 
emergence 


A. Natural food-plants 



dambodia cotton 

106 

315 

46'98 

Triumfeita rho mboidea 

5 

15 4 

66.66 

Pavoiiia.zeylanica 

5 

14 

50.00 

Sida aoxda 

6 

16 

50,00 

■ 

B. Non-host plants 



Acacia arabica 

3 

6 

Nil 

Mangijera iiidica 

3 

10 

50.00 

Enter olob turn saman 

4 

11 

63.63 

Thespesia (leaf) 

1 

4 

25.00 

Glyceridia macidata 

5 

15 

40.00 

Nerium odorum 

2 

6 

50.00 ■ 

— do — (leaf) 

1 

2 . 

Nil 

Tlievetia 

1 

4 

50.00 

Azadirachta indica ' 

6 

14 

14.28 

Hibiscus rosa-sinensis 

1 

2 

50.00 

Mulberry 

2 

4 

Nil 


These' data more or less support the observations recorded in the 
previous experiment. It is clear that age and restraint have not produced 
an}'- marked accumulation of developed eggs in the ovaries. 

Superparasitism with reference to (i) light and darkness and ( 2 ) day 
and night. — Data on the ovipositibn-behaviour of the species in light, and 
darkness as also in day and night are recorded in Table XIII. In the case 
of the latter experiment, the hosts were provided between 6 p.m. and 6 a.m. 
for night trials and between 6 a.m. to 6 pun. for day trials. 

The data presented in the above table do not show any striking 
differences in oviposition or superparasitism under the different conditions 
provided. There occurs a slight increase in superparasitism at night, as 
compared with that during the day time. 


.'".-A 
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•Tabi,e XI. S^lpefparasitism ^mder delayed condition of supply of hosts 


Age of female from emergence 
before access to host . 

No. of females 
tried 

Percent super- 
parasitism 

Average no. of 
eggs laid per 
female 

. 

1 day old 

7 

Nil 

Nil , 

2 days 

>> 

8 



3 „ 


18 ! 

5.55 

0.22 

4 „ 


5 

50.00 

1.50 

.5 „ 


5 

Nil 

0.60 

6 ,, 


12 

16.66 

0.50 

7 „ 


16 

18.75 

0.93 

8 „ 


12 

50.00 

1.33 

9 „ 

>> 

4 

25.00 

0.50 

10 „ 


6 

14.28 

0.85 

12 „ 


9 

■ 22.00 

' .0.66 

16 „ 

>> 

4 

Nil 

Nil 

17 » 


4 


0.25 

23 „ 

>> 

' 6 

99 

. 0.33 

31 „ 

>> 

6 


0.16 

34 „ 

>> 

6 

.99 

, Nil 

35 

” 

1 

6 

99 

” , • 


Tabi;E XII. Ntimber and nature of eggs laid with reference to age of parasite 


Age of female from 
emergence in days 

No. of fully developed 
eggs 

! 

No. of eggs partially 
developed 

No. of eggs poorly 
developed 

1 

1 

Nil > 

Nil 

1 

2 

„ . 

■ 2 

1 

3 

4 

. . 1 

. 1 

4 

4 

2 

1 

*5 

4 

3 

2 

6 

5 

2 

3 

7 

7 

3 



8 

7 

3 

— 


The observations were not continued after the 8th day, since, from the previous experi- 
nient, the maximum oviposition was seen to be attained by this period. 


Tabi,b XIII. Oviposition in light and darhness and during day and night 



Light 

Darkness • 

Day 

i 

• Night 

Number of trials 

84 

>4 

66 

66 

Number of females tried 

14 

• 14 

6 1 

i 6 

Number of ovipositions 

17 

13 

12 ! 

IS 

Total eggs laid 

24 

25 

19 

23 

No. of cases of superparasitism. 

3 

5 

4 

3 

Average No. of eggs per female 

1.71 

1.78 

3.16 

3.83 
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‘ SmniARY AND CONCr^USIONS 

The present investigation was carried out in two parts; the first of 
which is concerned with the determination of the nature of the ^response 
of the parasite to the sensor^' impressions jiroduced such stimuli as 
shape, texture, odour, movement, etc., of the host. It has been demons- 
trated that all these factors ojierate not singly but in combination to 
render the host suitable for acceptance and that no single factor b^^ itself 
can account for the resulting behaviour of the parasite. Among these, 
however, size and movement seem to exercise a marked degree of stimulus 
to initiate the observed reflexes. , 

The experiments comxirising the second part have served to demons- 
trate that selection of host is determined b}" the quantitative and qualita- 
tive complexes among the characters of the host. The choice of the'parasite, 
in general, falls on the host which is the most suitable, i.e., the nearest 
approach in respect of a combination of characters to the natural host. In 
particular, these experiments have revealed the following responses in the 
oviposition behaviour of the parasite : — 

The parasite normall}’ prefers onl}’ the advanced grub stages beueath 
a covering, as hosts. Prepup^e and pupse are rejected ; the former may 
rarety be oviposited upon but the pupse are never acceptable at all. Earty 
instar grubs, are not unacceptable. The species is able to discriminate 
bet^veen parasitised and unparasitised hosts. When parasitised hosts only 
are offered, considerable restraint in oviposition occurs. Host grubs con- 
taining eggs ‘Were occasionally accepted and those with first instar larvae 
were usuall}^ rejected when unparasitised hosts are available. There is a 
gradation in degree of acceptance of these even under stress of circumstances. 
vSuperparasitism is not of infrequent occurrence and is probably, to some 
extent, influenced b}^ irregularity in the availability of hosts. It is 
almost alwa^^s accompanied b}^ a partial survival. Mortahty in sujier- 
numerary larvae was due more to competition for food and other similar 
reasons and not so much due to fight. Superparasitism is influenced b}* 
the number and nature of hosts available. Absence of facilities for ovi- 
position did not cause an}' unusual accumulation of eggs in' ovaries. In 
the. laboratory, oviposition takes place on hosts enclosed in its natural 
food-plants, as well as others, save some definitely poisonous plants. vSuper- 
parasitism appears to be forced on hosts lodged in natural 'food-plants, 
when the parasite is confronted simultaneously with hosts in non-host 
plants. No case of multiparasitism in nature has been observed. In 
the laboratory, parasitised hosts by this^ species were rejected by other 
species of parasites of the weevil. These findings are of fundamental 
importance and utilisation in biological control of the weevil. 
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GENETIC AND SYSTEMATIC STUDIES ON INDIAN 

DROSOPHILA 

•I. Description of two new species of Drosophila : Life- 

HISTORY AND PREEIMINARY STUDIES ON THE GENETIC 
CONSTITUTION OF Dvosophila emulata, SI?. NOV. 

By S. P. Ray Chaudhuri, m.sc., ph.d,, and D. P. Mukherjee, m.sc.. 
Zoology Department, University College of Science, CalaUta. 

[Communicated by D. Mukerji) 

The studies on the genetic structure of free-living Drosophila species 
initiated by Tschetwerikoff (1926) and dveloped by Dubinin (1934), 
Sturtevant and Dozhansky (1936), Dobzhansky (1939) and their co-workers, 
have opened a new field of research on the j)roblem of organic evolution. 
Genetical studies in reference to the question of species formationhave been 
neglected in India. With a view to exj)loring the possibilities of genetic 
research on these fiies in India, the present authors started collecting the 
wild species of Drosophila in Calcutta and encountered two new siiecies, 
which were the subject of enquiry for the mutation of genes. In tliis 
paper descriptions of these two new species, together with an account 
of the life-history of one of them [D. enmlata, sp. nov.), are given. 
Descriptions and mode of inheritance of certain mutations obtained in a 
heterozygous condition in the wild jiopulation of this species are also 
given in brief. 

Materiae and Technique 

In their larval stages most species of Drosophila feed on fruit or 
fungi, or are leaf-miners. It is easy to attract the commoner species to 
over-ripe bananas kept in fruit stores. The flies thus caught were brought 
to the laboratory and etherized. Males and females were first sejparated 
and a pair were transferred to separate small glass vials, containing 
standard maize-meal-agar medium as per technique described m Drosophila 
Information Service, Vol. 6. Pure cultures of both the species were thus separa- 
tely raised and the s^^stematic descriptions given here are based on specimens 
from such stock cultures. The data on the ratios of different bristles and 
wing- venation indices were calculated from measurements of the different 
structures selected from a large number of individual of different stock 
cultures of the same species. The range of variation of the wing-vein 
indices is also giveff. The measurements of the size of the flies and their 
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wings were made from mature flies (3-4 da3'S old) bred on the standard' 
medium at a constant tem]Derature of 26°rt2° C. Living stocks of wild and 
mutant flies of the two species described in this paper are being continu- 
ousty kept on standard culture medium in the Zoological Laboratory of 
the Calcutta Universit3^ 

I. SysxE]\iatic description 

The onlA* endemic species of Drosophila so far recorded from India is 
D. prashadi Brunetti (1923), the t3'pe-localit3^ of which is Calcutta. Six 
other species reported from India are more or less cosmopolitan in distri- 
bution : D. melanogaster Meigen, D, ananassce Doleschall, D. moniitmi 
de Meijere, D. iristipennis Duda, D, hipectinata Duda and D, repleta 
WaUaston. 

The first four species were collected from Nungambaukam, Madras 
(Sturtevant, 1927). Of the remaining two species, D. hipectinata, the 
type specimen of which is in the Hungarian National Museum, was 
described b}’ Duda (1923), and its type-locality is Darjeeling. D. repleta 
W'as recorded from Calcutta b}' Bezzi (Sturtevant, 1921). It ma}’ be 
noted here that D, melanogaster and D. repleta are cosmopolitan in the 
true sense, whereas D. ananassce and D. montium appear to be limited 
to the oriental region. The former has been recorded from Java, Formosa, 
Sumatra, New-Guinea and India and the latter from Java, Formosa, India 
and West Indies. 

Drosophila brunettii, sp. nov. 

. Male. — ^Arista with four branches above and three below, exclud- 
ing the bifurcated terminal part of the main axis. Antennas 
light brownish-3"ellow', thetyhird joint grey. Front about one.-third the 
width of the head, wider above, 3^ellow. Second orbital bristle about one- 
half of the size of the other two. Second oral bristle nearty as long as the 
first. Face pale 3^ellow. Cheeks extremely pale 3'ellow. Acrostichal 
hairs in the front of the anterior dorso-central bristles in eight rows ; 
no prescutellars. Mesonotum and scutellum pale d)rownish-3^ellow. 
Pleura and legs pale 3-ellow. Preapical bristles on the first leg, apical 
and preapicals on the second leg, preapicals on the third. Wings clear. 
Costal index 1.5 ; fourth vein index 2.4 ; 5x index 1.9 ; 4c index 1.5. 
Length of the body and wing 2.0 mm. 

Female. — Length of the body and wing 2.2 mm. 

Drosophila emulata, sp. nov. 

Male. — Arista with five branches above and three below, excluding 
the terminal part of the main axis which is bifurcated. 
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Antenu£e pale brown, third joint grey.. Front about one-half the 
width of the head^ wider above. Second orbital bristle about one-half 
the size of the other two. Second oral bristle as long as the first. Face 
pale brown. Cheeks extremely pale yellow. Acrostichal hairs in eight 
rows. Mesonotum and scutellum shining reddish-brown. Pleuree and 
legs pale brown. Preapical ‘ bristle on the first leg, apicals and preapicals 
on the second and preapicals on the third. A comb-like row of about ten 
short curved black bristles on the inner distal surface of the basal tarsal 
, segment of the first leg. 


Tabi^B I. Range of variation of the wing-vein indices in D. brunettii, sp, nov. 


No. of 

Costal / 

No. of 

4tli vein 

No. of 

4c. 

No. of 

5x 

individuals 

i ndex . 

individuals 

index 

individuals 

index 

individuals 

1 

■ index 

2 

1.3 

6 

2.3 

14 

1.5 

4 

1.7 

7 

1.4 

10 

2.4 

4 

1.6 

3 

1.8 

9 

1.5 

5 

2.5 

6 

1.7 

10 

2.0 

5 

1.6 

3 

2,6 

1 

1.8 

7 

2.1 ' 

3 

1.7 







Total 

Average 

Total 

Average 

Total 

Average 

Total 

Average 

26 

1.5 

24 

2.4 

25 

L5 

24 

. 1.0 


Dorsal side of the last two segments of the abdomen shining black. 
Three other conspicuous black bands on the lower margin of the remaining 
segments, not extending to more than the middle of each segment. .Wings 
clear. Costal index 2.5 ; 4th vein index 2.15 ; 4c index i.i ; 5x index 1.6. 
Fength of the body 2.6 mm. Length of the wing 2.3 mm. 

Female. — Length of the body 3.0 mm. Length of the wing 2.6 mm. 

Range of variation of certain specific characters. — It is desirable to 
know the range of variation within the species of the different measurable 
characters used for taxonomic purposes. Sturtevant (1921) gives the 
range of variation in the number of dorsocentral bristles, wing-vein indices 
and number of rows of acrostichal hairs. Tables I and II show the varia- 
tion in the wing-vein indices of D. brunettii and D. emulata respectively.'^ 

Discussion. — D. brunettii, sp. nov. seems to be allied to D. bipectinata. 
The latter possesses two oblique combs of black stout bristles on the inner 
surface of first tarsal segment of the prothoracic leg but the former is 
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without any such structure. The wing venation indices are about the 
same in both the species. Second orbital bristle is imoportionately 
smaller in D. hipeciinata than in D. hmneUii. 

• D. envidata, sj). nov. resembles D , melanogaster Meigen closely. It 
differs from the latter, however, in the general colouration of the body, 
wing-venation indices and size. The body and the wings are of equal size 
in D. melanogaster that is 2.0 mm., but in D. emulata the wing is defi- 
nitely smaller than the body both in the male and the female. 


Tabbb II. Range of variation of the wing vein indices in D. emulata, sp. nov. 


No. of 

Costal 

No. of 

' 4th vein. 

0 

6 

^25 

4c 

No. of 

5x 

individuals 

index 

i 

individuals 

index 

individuals 

index 

individuals!) 

index 

6 

2.5 

8 

2.1 

5 

1.05 

1 ' 

8 

1.6 

7 

2.6 

8 

2.2 

7 

1.10 

3 

1.7 

1 

2.7 


• ! 

2 

1.15 

5 

1.8 

2 

2,8 



2 

‘ j 

1.2 



Total 

Average 

Total 

i 

Average 

Total 

Average 

Total 

Average 

16 

^2.5 

16 

2.15 

16 

1.1 

16 

1.6 



- 







D .. prashadi Bruiietti was described from Calcutta and the two species 
described in this paper are quite distinct from it as exp>lained below : 

The description of D. prashadi as given by Brunetti, unfortunately 
refers mostly to generic characters and consequently applies to all the 
species of Drosophila. Two specific characters of taxonomic im2:)ortance 
mentioned by him are [i) the number of bristles jDresent on the arista and 
[ii] the bandings on the hind margins of the abdominal segments. The 
number of bristles on the arista, however, is shown b}^ him to be a variable 
character and this might be anything from 2-4. Moreover he had two 
flies in the same collection rvhich had 8 bristles on the arista, 5 above and 
3 below. If we take into consideration these two excej^tional flies the 
range of variation in the number comes to 2-8. As to the bandings of the 
abdomen he mites : “ The hind margins of the abdominal segments are 
more or less narrowly black, the colours sometimes extending to the middle 
of the segments, sometimes hardly visible or quite absent''. According 
to this descrqDtion, the markings of the abdomen are also quite variable in 
D. prashadi. We have examined a large number of flies in our collection 
from the same locality to ascertain the range of variation of both these 
characters. In most of our flies the number of bristles on the arista is 



219 



Genetics of Indian Drosophila 

quite constant. Occasionally, however, one gets one or two flies in which 
the number deviates from the normal, sometimes by one more or 
one less. But the range of variation never assumes such porportions 
as to be anywhere between 2 and 8. We have- not been able to find any 
^ reference to the descriptions of any one of the hundreds of Drosophila 

species so far described, where such variation as given by Brunetti for 
D. prashadi is usual. The black banding on the abdominal segments is 
very conspicuous in Z). emiilata and extends to the middle of the segments 
but this is not so marked in D. hrunettii. If one has got, without his 
knowledge, a mixed collection of these two species, he runs the risk of 
'.y- inferring that the bandings are more or less ' narrowdy black, sometimes 

f extending to the middle of the segments and sometimes are hardly visible, 

as was possibty done by Brunetti. This seems to be more likely, 
since D. emnlata has 8 bristles on the antenna (5 above and 3 below^) and if 
we take into consideration his two exceptional flies which have exactl}" 
this number, we are justified in concluding that he had a mixed collection 
of different species and did not distinguish them. An examination of the 
^ type specimens of this species in the Indian Museum, Calcutta, was also 

done but unfortunate^ the state of preservation w^as found to be so. bad 
that important characters could not be studied. The description of the 
species given by him is applicable to all the common species of Drosophila 
found in Calcutta and it is difficult to sa}^' which of the species he really 
meant ; it is, therefore, useless to retain the species created b^^^ him. We 
have called one of our species as D. hrimettii after the name of Brunetti, 
since he w^as the first to describe an endemic species of Drosophila from 
^ India. . • 

\ 

2.. Lifb-History of drosophila emvlata. 

Eggs, larvae and pupae of all the species of Drosophila, although 
very similar, show certain variations, wdiich afford excellent specific 
differences (Sturtevant, 1921; Kikkaw^a and Peng, 1938). Detailed study 
of these variations w^ere not done during the jDresent w^ork. General' des- 
r criptions of the various stages and references to literature can be obtained 
-from Kikkaw^a and Peng's (1938) monograph .on Drosophila species of 
Japan and adjacent localities. 

The females usualE?' lay eggs about 48 hours after emergence. 
The number of eggs laid b^^ different females even of the same stock varies 
to a great extent. They continue to la3^ eggs for a month or more, 
at the rate of 50-60 per da^^ afterw^ards the rate of re-production gradually 
' diminishes. - 

We have determined . the duration of successive stages from the egg 
up to the emergence of the adult flies. . 
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■The following procedure was adopted in studying the life-history : 

An ordinary glass-stoppered, wide-mouthed jar was taken and 
standard food medium was put into the cup-like depression of the hollow 
glass stopper. About 200 impregnated females were put in the jar and 
these were passed over to the glass stopper containing the food. Flies 
were allowed to la^^' eggs only for one hour and 30 minutes. Nearly 400 
eggs were thus obtained within this period. The adults were then discard- 
ed and the eggs were allowed to hatch. The culture was regularly examined 
and the durations of various stages were noted: The whole life-history 
was worked out at a constant temperature of 26^ ± 2°C. 

The -first larva came out 17 hrs. 15 mins, after the starting of the 
egg-la3dng and all the larvae crawled out within 20 hrs. 30 mins, of the 
commencement of oviposition. The time which elapsed between the 
hatching of the first and the last larvae is, therefore, 3 hrs. 15 mins. 
Had the rate of development or the grovTh-rate been the same in all the 
individual eggs, the difference in time betv^een the first and the last larvae 
to come out of the eggs, should not have exceeded i hr. 30 mins., that is, 
by a 'period of more than the age difference between the first and the last 
egg laid. 

The first pupa was formed 94 hours after the first larva came out of 
the egg shell. All of them pupated within eight hours. We find here a 
discrepancy of 4 hrs. 45 mins., if we assume the rate of grovffh of all the 
larvae to be uniform. 

The first imago emerged from the pupal case 72 hrs. after pupation. 
The emergence of all the individuals was completed within 22 hrs. 

We started with an age. difference of not- more than i hr. 30 mins, 
between the first egg and last egg laid but at the end of the development 
we found the age difference between the first and last imago to be as 
high as 22 hrs. This is remarkable since this difference was obtained 
in a species in which the life-history is 'completed within such a short 
period. 

The above results are graphically represented where the abscissa 
gives the time interval between the first appearances of successive stages 
and the ordinates stand for the duration of laying, hatching, pupation and 
emergence. From the graph it is obvious that the growth rate is not the 
same throughout. If the growth rates at the different stages varied 
uniformly we would, within limits of experimental error, get a straight line 
joining the tops of the.' ordinates. The pattern, however, shows that 
this is not the case. The variation in the growth rates at successive stages 
of the life-history is different. From the data given in the graph we can 
calculate the extreme growth rates at the various stages. 
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We do not know exactly which one of the eggs laid within the 
period of i hr.. 30 mins, hatched out first. In an. extreme case, therefore, 
it is possible that an egg laid at the end of the la^dng period might be the 
one which hatched out first. Therefore, the shortest possible period in which 
an egg can hatch is 17 hrs. 15 mins minus i hr. 30 mins., viz., 15 hrs. 
45, mins. vSimilarly the longest period is 17 hrs. 15 mins, plus 3 hrs. 15 mins., 
vtz., 20 hrs. 30 mins. The ratio of the two extreme growth rates for this 
stage is 20.5 hours: 15.75 hours or i.o : 0.77. Therefore the dispersion is 


1.0-0.77' 
f (i* 77 ) ' 


100 = 26% 


Similarly for the larval and pupal stages the dispersions are 11% 
and 38 % respectively. 



Thus it appears that the variation in growth-rate is the maximum in . 
the pupal stage and minimum in the larval stage. Since all the eggs were 
under identical environmental conditions, we can only interpret our 
results by postulating variations in the genetic make-up of the eggs. 
These variations are probably due to a certain gene or genes which control 
the rate of growth. The longest period (94 hrs.) in the life-c3^cle intervenes 
at the. larval stage. The larvae have an independent existence and move 
about freely in search of food. If the environment had an3^ significant 
role in our experiment, in causing variation in grovdh rates, we. should 
expect the dispersion in the larval stage to be the maximum. On the 
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coiitrar}^ we find it to be the lowest, being' onl}^ ii%. Evidently the genes 
which cause these variabilit}' in the rate of development at various stages 
must have acted during the intra-embryonic period and reaching its height 
in the pupal stage. 

3. Gene mutation obtained in drosophila emu lata 

About 50 flies were trapped near a market in Baltygunge in Calcutta 
and 24 pair-matings were done in small glass vials. individuals were 
obtained from' progeii}^ in each vial and about 6 brother-sister matings 
were done for each family to obtain F^. FHes of each generation were 
carefull3^ examined for visible mutations. It is easy to see how a recessive 
autosomal mutation present in a hetroz3^gous condition in the wild popula- 
tion, can manifest themselves in F^ by this process of enforced homoz3^g~ 
osis through close inbreeding. No attempt was made, however, in this 
preliminar3’ surve3^ to determine quantitative^ the frequenc3’' of mutated 
gene present in the wild sample. Three definite mutations and a probable 
fourth were obtained amongst the F.^ progen3^ They are described below : 

(?') ‘ garnet ’ — An autosomal recessive mutation affecting the e 3 ^e colour of the flies. The 

garnet ej’c-colour is much lighter and is ver}’ pronounced in the newl}- emerged flies. With the age 
of the flies the colour becomes darker, but it is ahvaj^s possible, with a little practice, to distinguish 
them from the wild type. 

(/?■) ‘ curved ’ — An autosomal recessive mutation affecting the shape of the wing. Homo- 

zygous curved flies have the tip of their wings cur\*ed upwards instead of being flatly placed on the 
back. 

{Hi) ^ 2^osterior-cross-vem ^ — ^An autosomal recessive mutation affecting wing venation. 
Homoz^’gous ‘ posterior-cross-vein ’ flies have a small longitudinal branching of the posterior 
cross-vein in the 2nd posterior cell of the wing. • The manifestation of this character is ver^’’ irregular. 
Accurate data about its mode of inheritance are being worked out. 

(iv) Several flies, both males and females, appeared in some of the F 2 vials -with abnormal 
longitudinal veins. A few pair matings were done with these flies but none of them produced an}^ 
offspring. 


Tabee III 

F.y progeny obtained out of the between wild type and garnet flies 


Wild type 

j 

Garnet | Wild garnet ratio 

1 

No. of 1 No. of 
males | females 

Total 

No. of 
males 

No. of 
females 

Total 

2.9 9 

i 

246 1 2S1 

i 

527 

So' 

92 

- 

176 


Neither sex-linked recessive nor autosomal dominant mutation was 
found. 

In Tables III, lY and Y are given the number and kind of progeiw 
obtained in course of determining the mode of inheritance of these mutations. 



Genetics of Indian' DrosoiDhila 223 


The Fo. ratios of wild and mutant flies (Tables III and IV) show that 
' curved ' and ' garnet ' are two simple autosomal recessive genes. The 
ratios of the different types of F^, progeny of curved-garnet cross are not 
much different from the expected 9:3:3:! ratio, and therefore they are 
situated on two' different chromosomes. We could not decide, as yet, 
whether posterior cross-vein is situated on the curved chromosome or on 
the garnet chromosome. It might be as well on a different chromosome 
altogether. 

The results obtained show definitely that ' garnet ' and ' curved ' 
are two simple Mendelian autosomal recessive genes situated on • two 
different chromosomes. 


Tabue IV 

progeny obtained oat of the Fj between wild type and ciirved' flies 


Wild type 

Curved 

Wild curved ratio 

No. of 
males 

No. of 
females 

Total 

No.Vf 

males 

No. of 
females 

Total 


95 

87 

182 

22 

26 

48 

, 

3.79 


TabeB V 

F^ progeny obtained out of the F^ between c%vrved and garnet flies 


1 

Wild type 

, Curved 

Garnet 

Curved and garnet 

292 

77 . 

90 j 

25 


A more detailed study of the genetics of the two species described 
in tliis pa]Der and also a quantitative genetical 'analysis of the wild pof)ula- 
tion will be undertaken in winter, because culture of these flies can more 
easily be handled in large numbers during the colder months. Sahvary 
gland chromosomes and other cytological studies of these species are in 
j)r ogress. 

SUjMMARY 

Two new species of Drosophila are described from Calcutta ; reasons 
are given to show why the only other sioecies so far described from the 
same locality, cannot be retained. 
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Rife-history of D. enmlata, sp. nov. has been worked out in detail. 
In course of this investigation it was found that in spite of identical 
environmental conditions, under which the individual eggs, larvae and pup^ 
were reared, they differed consider abty in their rates of development. The 
existence of genes controlling the rates of development, acting at particular 
stages of the life-histor3^ has been prestmed to explain the differences' in 
the rates of growth. • 

Three definite and a probable fourth autosomal recessive mutations 
have been found in heteroz^^gous condition in 24 wild females caught near 
a market in •BaU3'gunge, Calcutta. 

1 
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APHIDIDiE AND SOME OTHER RHYNCHOTA FROM 

AFGHANISTAN 

By Ghui^amuIvIyAHj Assistant to the Imperial Entomologist ^ New Delhi. 

Very little is known about the Rhynchota fauna of Afghanistan ; 
this is especially so about the Aphididse. The only sj)ecies of Aphididse 
so far known from that country is Pemphigits coccns Buckt/'^ 

The German Hindukush Expedition {Deutsche im Hindukusch) in 1935 
made a general collection of insects, including about a dozen species only of 
Rhynchota from Afghanistan, which was described by Kiritshenko.f 

Dr. Taskhir Ahmad, Assistant Entomologist, Imperial Agricultural 
Research Institute, New Delhi, during a tour of Afghanistan in June and 
July 1939 ^ a member of the Indian Agricultural Delegation, made a 
large collection of insects of all orders. The specimens of Rhynchota 
were kindly jplaced by him at my disposal for study. The material 
comprises thirteen species of Ajphididae, of which five are new to science, 
and about thirty species of other Rhynchota. The type specimens of the 
, new forms described here are deposited in the Imperial Rusa Collection, 
Laboratory of the Imperial Entomologist,. I.A.R.I., New Delhi. 

I eximess my heartfelt thanks to Dr. H. S. Pruthi, the Imperial 
Entomologist and to Dr. Taskhir Ahmad, for giving me an opportunity of 
studying this interesting material and to the former for facilities for work, 
constant encouragement, guidance and criticism. My thanks are also due 
to my colleague, Mr. M, S. Maui, for goiiig through the manuscript of this 
paper and making many useful suggestions. 

APHIDID^ 

Aphis laburni Kaltenbach 

Kaltenbacli, Monogr. PJlanzenlausej p. .85 (1843). 

I have before me, a large number of alate and apterous viviparous 
females and nymphs of this species collected from Paghman on 29.vi.39 
and from Ghazni on 18.vii.39, infesting willow in both the locahties. 

This shiny black aphid is a cosmojDolitan species, occurring mainly 
on leguminous crops. 


"^'Buckton in Aitcliinson, Trans. Linn. Soc., 5 : 141-142, (1889). 
fKiritshenko, A. N., Arh. Mor}:>h. Taxon. Ent., 5 : 1-8, (1937). 
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Anuraphis sp.; prox. (?) helichrysi (Kalt.) 

Alate viviparous female (Figs. 17-20). 

Size and general colour. — vSmall in size, i to 1.3 mm. long. Head and 
antennae almost concolorous, brownisli-3^ellow. Eyes black. Elagellum 
of the sixth antennal segment a little lighter in colour than the rest of 
antenna. Mesothorax and metanotum dark brown, rest of thorax 3^ellow. 
Coxa, trochanter, apical half of femur and apex of tibia brown ; 
tarsus light brown, rest of leg, specially the tibia creamy-3^ellow. Stigma 
and veins dark yellow. Abdomen 3^ellow. Cornicles, cauda and anal 
plate very light brown, almost concolorous with the abdomen. The margins 
of anal x^late and cauda brown. 

Head and appendages. — Width of head across eyes 0.3 mm. Antenna 
(Eig. 17) of six segments, 0.8 mm. in length. First antennal segment 
gibbous, almost as long as the second segment, relative proportions 
of the- various segments 10 : 10 : 58 : 28 : 18 : 17+53. Secondary round 
sensoria restricted to the third antennal segment (Fig. 18), 12-14 in number, 
on one side, distributed over almost the whole length of the segment. 
Near the top of .the fifth segment there is a large round primary sensorium ; 
at the base of the flagellum of the sixth antennal segment there is a large 
sensorium together with a few small ones around it. 

Thorax and appendages. — ^Forewings well developed, about 2 mm. 
long, venation normal. Rostrum about 0.4 mm. long, extending up to 
the middle of mesosternum. Hind tibia long and thin, 0.65 mm. in length. 
Hind metatarsus .02 mm. and the second tarsal joint o.i mm. in length. 

Abdomen. — Spiracles round, prominent with dark brown areas at 
their bases. Cauda (Fig. 20) short and broad, more or less round, furnished 
with about half a dozen long hairs. Anal plate round (Fig. 20), furnished 
with numerous long hairs. Cornicles (Fig. 19) short, thick, cylindrical, 
expanded basally, a prominent flange at the apex ; 0.07-0.08 mm, long, 
almost equal to the fifth antennal segment. 

It is i)ossible that this aphid is only one of the numerous varieties 
of A ..helichrysi (Kalt. ),*'•• so far known from different parts of the 
palsearctic region. 

This insect was doing very serious damage to peach, almond and 
Iris lily at Kabul and at Istalif near Kabul, The leaves were curled and 
very much distorted. 



Hyalopterus arundiniformis, sp. nov. 
Alate viviparous female (Figs, i — 6). 

"’^'Kaltenbach, Monogr, Pflanzenlduse, p. 102 (1843) {Agohis). 
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Size and general colonr. — Elongate-oval. Eengtli of body from ver- 
tex to the tip of anal plate 1.54 to 1.7 mm. Head brownish, eyes red. 
Rostrum yellow, tij) black, Antennse light yellow, apices of segments 
dusk}^ particularly of the fifth and sixth. Pronotui]i light brown, thora- 
cic lobes and sternum dark brown ; pleurae and wing insertions yellow ; 
wings hyaline ; stigma and veins grey. Legs yellow, apices of tibiae and 
tarsi light grey. Abdomen yellow, cauda and cornicles essential^ conco- 
lorous with the abdomen ; anal plate darker and with long hairs. Two 
longitudinal rows of small dark brown spots often present on the dorsum 
of the abdomen. Prothorax and abdominal segments with a pair' of pale 
blunt tubercles on their lateral sides. 

Head and appendages. — Width of head (Fig. i) across eyes 0.35 to 
0.39 mm. Antenna (Fig.- 2) 1.15 to 1.4 mm. long, of six segments with 
relative proportions of 3 : 3 : 15 : ii : 9 : 4+15. Secondary sensoria typi- 
cally limited to the third antennal segment (Fig. 3), on one side almost 
in a row, occasionally in a spiral, numbering 9-16. Rarely there are 1-4 
secondai'}^ sensoria on the fourth antennal segment of one or both antennae. 
Primary sensoria present on the fifth and sixth segments, the one on the 
sixth surrounded by a group of small sensoria on its one side. Rostrum 
pale, short and thick, reaching nearly to second pair of cox^e ; and 0.33 mm. 
long. 

Thorax and appendages. — Forewings 2.2 to 2.64 mm. long. Median 
vein twice-branched, cubital and anal veins present. Tarsi normal, hind 
metatarsus 0.033 the second tarsal segment o.ii mm. long. 

Abdomen. — Width of abdomen 0.594 to 0.814 mm. Cornicles (Fig. 4) 
very small, faintly imbricated near the base, 0.066 to 0.088 mm. long, slight- 
ly more than twice their own width, constricted near the middle and some- - 
what swollen beyond. Cauda (Fig. 5) long, constricted in the middle, 
0.154 to 0.198 mm. long, . typically longer than and occasional^ equal to 
but never less than twice the length of the cornicles. Two pairs of lateral 
and one single median dorso-kpical hairs ]Dresent on the cauda. Anal 
plate (Fig. 6) furnished with a large numbe’r of hairs. 

Apterous viviparous female. 

Size and general colour. — Elongate-oval, 1.9 to 2.2 mm. long. General 
colour pale yellow, head slightly darker. Eyes dark red. lurst and second 
antennal segments concolorous with the head, third and fourth jDale h3^aline, 
apices of fifth and sixth segments gre}^ AjDices of femora, tibise and the 
entire tarsi gre^^ Cauda somewhat dusk37' in the apical half ; rest of the 
cauda and cornicles pale yellow. 

Head and appendages. — ^Width of head across e3^es 0.396 to 0.44 mm. 
Antenna 1.3 to 1.5 mm. long, of six segments with relative proportions of 
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Figs. 1-6. Ily'alojplerus arundinijormis, sp. nov. (Alate viviparous female). 

1 . head x 95 ; 2. antenna x 95 ; 3 . third and fourth antennal segments x 380 ; 4 . cornicle x 
185; 5 . caiida X 185; 6 . anal plate x 185. 

Figs. 7 — 12. Eriosoiaa lashhiri, sp. nov. (Alate viviparous female). 

7 . antenna x 140, ventral view ; 8 . antenna x 140, dorsal view ; 9 . forewing x 42 ; 10 . hind 
wing X 42 11 . corincle x 360 ; 12 . cauda and anal plate x 140 

Figs. 13-16. Eriosoma tashhiri sp. nov. ( Apterous viviparous female). 

13 . antenna x 120 14 . cornicle x 240 ; 15 . hind end of the abdomen showing polygonal 

cells X 115 ; 16 . gall on poplar x IJ 

Figs. 11 -20.Anura'plns sp. prox. (?) helichryst Kalt. ( alate viviparous female). 

17 . antenna x 198; 18 . second and third antennal segments x 350 19 . cornicle x 350; 
20. hind end of the abdomen showing cauda and anal plate x 350. 
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8 : 7 : 32 : 22 : 20 : 9-j-32. Rostrum short and thick reaching nearly to 
second pair of coxae, 0.33 mm. in length. 

Thorax and appendages. — Prothorax with a pair of small lateral 
tubercles. Tarsi normal ; hind metatarsus 0.044 second 

segment o.ii mm. in length. 

Abdomen. — Each abdominal segment has a pair of small lateral 
tubercles, one on each side. Cornicles ver}^ small, very faintly imbricated, 
0.088 to O.II mm. long, longer than twice the width of each cornicle, 
constricted near base, soniewhat swollen in the middle, mouth not flaring. 
Cauda long, constricted in the middle, sometimes without a constriction, 
0.22 to 0.242 mm. long, longer than twice the length of cornicles. Two 
j)airs of lateral and a single median dorso-apical hairs present on the cauda. 

Holotype. — Alate viviparous . female collected on apricot at Kabul 
on 28-vi-39, mounted on slide (I.P.C. No. R/8028). Apterous viviparous 
female collected along with the alate form. On slide (I.P.C. No. R/8029). 

Paratypes, — Alate and apterous vivijrarous females on slides (I.P.C. 
No. R/8030-8038). 

The Imperial Pusa Collection also contains a number of specimens 
of this species, on slides and preserved in alcohol, collected b}^ Ahmad on 
peach and apricot at Kabul on 28.vi.39 and 28.vii.39 and on bamboo 
on 30.vi.39. 

Systematic position. — This species is closely related to Hyalopterns 
arundinis (Eabr.),"'^ from which it differs in not having ensiform cauda and 
in the shorter cornicles, which are never longer than half the length of 
cauda. Typically there are no secondary sensoria on the fourth antennal 
segment. There are fewer sensoria on the third and none on the fifth 
antennal segment. 

This species appears to be ver}^ common in Afghanistan and had been 
found doing severe damage to peach, plum, apricot and bamboo, especially 
in the garden of the British Eegation at Kabul. The leaves of the infested 
trees get twisted and curled, thus adverse^^ affecting the growth of the 
trees. A closely related species, H. arundinis (Fabr.),'^ is ver^^ harmful to 
peach, plum, etc., in other joarts, of the world, including Baluchistan and 
the N, W. F. Province in India. 

Macrosiphum rosse (Finn.) 

Linnaeus, Syst. Nat., 2 : 734 (1735) (A-^his), 

There are a large number of alate and apterous viviparous females 
and nymphs in the collection before me, taken on rose at Kabul on 28.Yii.39. 


Fabricius, Ent. Syst., 4 : 212-213 (1794) {A^Ms). 
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This species is so far known from Egypt, Java, Japan, Argentina, 
Brazil and U. S. A. An allied species, M. rosceiformis Das, occurs on rose 
in India. 

Macrosiphum pisi (Kaltenbach) 

Kaltenbach, Monogr. Pfianzenlatise, p. 23 (1843) {Aphis). 

I have specimens of this large-sized aphid, taken on berseem at Kabul 
on 30.vi.39 and on' bean at Bamian on 5.vii.39. 

It is widely distributed in Europe, America, Africa, India and Japan; 
sometimes it does considerable damage to pea and bean in these countries. 

Chromaphis juglandicola (Kaltenbach) 

Kaltenbach, Monogr. PjUmzenlaiise, p. 151 (1843) (Aphis). 

There are a large number of specimens in the collection before me. 
This species was fairly abundant on walnut at Kabul on 24.vi.39 but no 
appreciable damage had been done to the leaves. 

It is a serious pest of walnut in Europe and America, especially in 
California. 

Callipterus juglandis (Frisch) 

Erisch, Insecta, 11, (12) : 10 (1750) (Aphis). 

There are only a few alate viviparous females, taken breeding on 
walnut at Paghman on 26. vi 39, in the collection before me. 

In England this species occurs in large numbers on the upper surface 
of walnut leaves. It is also found in Switzerland. 

Chaitophoius pseudotremulae, sp. nov. 

Alate viviparous female (Figs. 39—42). 

Size and general colour. — Specimens preserved in spirit brownish- 
yellow. The entire body including legs and antennae covered over 
with long hairs. Hairs of various shapes, some thick and bifurcated, 
specially on the head ; others thin and long. E^^es red. Rostrum 
brown. Head, first and second antennal segments, apices of fourth, 
fifth and sixth antennal segments; pronotal collar; broad median bars on 
the dorsum of the abdominal segments ; a spot on the lateral sides of each 
of the anterior five abdominal segments, a large spot at the base of each 
of the cornicles, a large number of small spots on the abdomen above and 
beneath ; genital plate ; bases of tibise and tarsi, coxse, trochanters and 
femora of the first two pairs of legs dark brown. Meso- and metathorax 
and hind legs, except apical two-thirds of tibiae, dark brown or 

almost black. Cauda and anal plate yellow, occasionally Hght brown, 
cornicles dark brown. 
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Head and appendages.— VHAth of head (Fig. 39) across eyes 0.442 mm. 
Antenna (Fig. 39) 1.45 mm. long, of six segments with relative proportions 
of 19 : 17 : no : 52 : 51 : 29-~52, first segment broader than the second. 

Base of the sixth antennal segment always more than half the length of *5 

flagellum. 16-20 round, scattered sensoria on one side of the third (Fig. 40) 
and 0-2 on the fourth antennal segment. Usual priman,' sensoria on the 
fifth and sixth antennal segments. A long spine at the apex of the flagellum. 
Rostrum 0.704 mm. in length extending up to the niiddle coxae, rarely 
passing beyond them. 

Thorax and abdomen. — Wings and tarsi normal. Cornicles (Fig. 41) 
short, truncate, more or less broad basally, apices reticulate, 0.132 mm. 
long. Cauda (Fig. 42) distinctly knobed, 0.094 mm. in length, with 6-8 
long cur\’ed hairs on the knob. Knob projects beyond the abdomen. 

Anal plate (Fig. 42) round, furnished with numerous hairs. 

Apterous vivipoxroiis female (Fig. 43). 

Oval or elongate oval,. 1.8 mm. long. Body (Fig. 43) dark brown 
to black, furnished vith long hairs which are generall}^ bifurcate at A 

the top. Eyes red. Antenna of six segments, ver^' dark brown, 
except third and fourth segments, which are lighter in colour. The 
relative proportions of the antennal segments 4 : 3 : 20 : 10 : 9 : S-j-io. 

The first segment is broader and more gibbous than the second. 
Rostrum long, 0.65 mm., passes the posterior pair of coxse reaching 
the anterior margin of the second abdominal segment. Coxa, trochanter, 
femur, and base of tibia dark brown -to almost black. Tarsi normal. 

Hairs on antenns and legs short and simple. Anal plate round, light ^ 
brown vdth long hairs. Cauda knobed, pale yellow, with four long and 
two short hairs on the knob ; cornicles short, truncate, dark brown, with 
reticulations at the apices, slightly longer than cauda. 

Holotype. — One alate mviparous female taken on poplar at Kabul 
on 25.vi.39, mounted on slide (I. P. C. No. R/8039). Apterous viviparous 
female collected along with the alate form is also on the same slide. 

Paratypes . — In the collection there are a large number of alate and F 
apterous viviparous females on slides (I. P. C. No. R/S040-8045). 

Systematic posihon . — This species comes verv’ close to Chaitophonis 
trerniilcB Koch,^ from which it differs in the colour of cauda, which is yellow 
or yellowish-green but not black ; difierent shape of the cauda, specially 
the knob ; the proportion of base and flagellum of the sixth antennal 
segment which’ is i : 2 and not 1:3 as in tremulcB Koch. 

This species was fairW common on poplar at Kabul on 25.vi.39, 
but there was no curling of the leaves. 

^Die Pflanzenlaiise, pp. 8 and 12 (1854). 
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Pterocomma sp., prox. populettm (Kaltenbacli) 

Apterous viviparotis female (Figs. 33-38). 

The whole insect hairy, somewhat oval in shape 2. 7-3.0 mm. long. 
General colour of specimens preserved in spirit dark brownish-yellow. 
First antennal segment, apices of the second and fifth, apex and base 
of the sixth segment (Phg. 38) dark brown ; rest of the antenna dark 
dirty-yellow, i. 2-1. 34 mm. in length (Figs. 36-38). The proportions 
of the antennal segments are 4 : 3 : 20 : 8 : g : 5+9. Eyes red. Base 
and tip of rostrum dark brown, rest lighter in colour ; 0.9 to i.o mm. in 
length extending up to the third abdominal segment. (In nymphs rostrum 
extends to the middle of mesosternum). Coxa, apex of femur and entire 
tarsus dark browm ; rest of the leg lighter in colour. Hind tibia 1.2 mm. 
in length, hind metatarsus 0.04 mm. and second joint of the hind tarsus 
0.13 mm. long. Prothorax with a prominent tubercle on each lateral side. 
Abdomen .dark yellow ; dark brown spots on the lateral sides of the abdo- 
menal segments, each spot with a central tubercle. There are small trans- 
verse black spots dorso-laterally one on each of the body segments, forming 
two longitudinal rows from the head to the cauda and passing between 
the eyes and cornicles. Cauda (Fig. 35) short, semilunar to broadly angu- 
lar in shape ; anal plate (Fig. 35) round ; both concolorous with the body 
and furnished wfith thin long hairs. Cornicles (Fig. ‘ 34) yellow, almost 
cyhndrical, in some broader at the base ; apex dark brown, 0.17-0.2 mm. 
long. Two dark longitudinal bands on each side of the central, broad 
yellow area on the ventrum of the abdomen converging tow^ards the pos- 
terior end. 

Notes. — This species is very close to Pterocomma populeum (Kalt.).'^- 
The apterous viviparous females were found breeding in large numbers 
on poplar stem at Paghman on 29.vii.39. 

Pterochlorus saligna (Gmelin) 

Gmelin, Syst. NaL, 62 : 2209 (1788).(^i?/«5). 

The material of this large black aphid before me was collected from 
willow stems at Paghman on 29.vii.39. 

This species is widely distributed and is recorded from Europe, 
Egypt, India, Japan, China, Mexico and U. vS. A. In England it does 
considerable damage to wdllow and osier and sometimes to poplar also. 

Pemphigus paghmanensis, sp. nov. 

A late viviparous female (Fundatrigenia) (Figs. 21 — 29, 44 — 45). 

Size and general colour. — Eehgth of bod}^ from vertex to anal jfiate 


^Kaltenbach, Monorjr. PjlanzenVdiise, p. 116 (1843) (Aphis). 
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2.43 mm. vSpecimens. preserved in spirit brownish-yellow. Antennae, 
head, thoracic lobes, mesopleurae, meso- and meta-sterna, scutellum, 
anterior margin of pronotum and legs dark brown. Eyes, costa, stigma, 
pro- and metanota, rest of the meso- and meta-thorax, base and tip of ros- 
trum, genital plate and posterior margin of cauda light brown. Antennal 
sockets, basal areas of antennal segments, middle portion of rostrum, pro- 
thorax excluding pronotum, acetabulse of the coxse, the basal areas of the 
joints of the legs and the entire abdomen brownish-yellow or greyish-yellow. 

Head and appendages.-— of head (Fig. 24) across eyes'^o.45 mm. 
Antenna (Figs. 21-22) 0,71-0.79 mm. long, of six segments with relative pro- 
portions of 6 : 6 : 20 ; 10 : 14 : id-j-g. The second antennal segment is some- 
times longer than the first but is alwa3^s slender. Secondary annular sen- 
soria typically limited to the third and fourth antennal segments (Fig. 23), 
encircling about two-thirds of the circumference of the segment, numbering 
7-1 1 on the third and 2-4 on the fourth. Occasionally there is one secondary 
annular sensorium on the fifth antennal segment. Near the apex of the fifth 
antennal segment encircling about three-fourths of its circumference there 
is a large primary sensorium having a number of minute chitinous island-like 
areas and a few spines. The length of the fifth antennal segment below the 
primary sensorium always longer than the length of the sensorium plus 
the length of the segment above it. There is a fairly big sensorium at 
the base of the flagellum of the sixth antennal segment. The basal portion 
of the sixth segment partially imbricated. Rostrum passes the anterior 
pair of coxae but does not reach the second pair and is 0.44 mm. in length. 

Thorax and appendages. — Tarsi normal. Metatarsus 0.031 mm. 
and the second segment of the hind tarsus 0.175 mm. long. Metanotum 
(Fig 26) with a pair of small wax-pore plates. A^eins ending a considerable 
distance before margin of wings (Fig. 44). Cubitus of the hind wing 
(Fig. 45) arises much ahead of the median. 

Abdomen. — (Fig. 26) A pair of oval, transversely elongated wax-pore 
plates (Fig. 27) on each of the first, second and third abdominal segment ; 
two small and two large ones on the fourth ; three small ones on the sixth, 
two near the cornicles and one in the middle ; two medium-sized on the 
seventh and a large transverse^ elongated (Fig. 25, d) occasionally curved 
on the last abdominal segment, just in front of the cauda, present on the 
dorsal side. Each wax-plate with a single hair in front of the anterior 
margin except the last "one, which has four hairs. Cornicles (Fig. 25,. a) 
present as mere pores. Cauda (Fig. 25, b) and anal plate (Fig. 25, c) round. 

Holotype. — An alate viviparous female collected from galls on poplar 
at Kabul on 24.vi.39, on slide (I. P. C. No. R/8046). 

Paratypes. — Several alate viviparous females on slides and preserved 
in alcohol (I. P. C. No. R/8047-8051). 

“Indian J. Ent., 3 (2)” . 
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This aphid produces galls (Fig. 28-29) on poplar which are subglobose 
or pear-shaped and a little recurved in shape, measuring about 12 to 25 mm. 
in length and 10-20 mm. in breadth. They are formed in the axils of 
leaves. At the posterior end of the gall there is an elongate-oval opening 
through which the aphids can come about. Numerous galls on poplar in 
a nurser}' at Kabul were found b}’ Ahmad on 24.vi.39. 

Systematic position, — This species is closety allied to Pe^nphigus 
lichtensteini Trdlgren,^ which produces similar galls on poplar in Italy. It 
differs from P. Uchtensteim in the following characters : — 

(1) Median and cubitus of hind wings do not arise from almost 
the same place. The cubitus arises far ahead of the median unlike in 
lichtensteini. 

(2) The primary' sensorium on the fifth antennal segment is very 
large ; its length is alwa^’s much more than half the length of the part of 
fifth antennal segment below, this sensorium. The heavih' chitinised 
island-like areas in this sensorium are more numerous than those in the 
case of lichtensteini. 

Pemphigus spirotheesefacies, sp. nov, 

Alate viviparous female (Fundatrigenia) (Figs. 30-32 and 46-47). 

Size and- general colour. — Small in size 1.4 to 1.6 mm. long. Colour 
of specimens, preserved in alcohol, 3'ellow. Head and thorax ver^^ dark 
brown to almost black. E^^es black. Antennal segments almost uniformly 
brown. Tegs brown. Abdomen yellow. Cauda and anal plate conco- 
lorous with the abdomen. 

Head and appendages. — Width of head across e^-es 0.32, mm. 
Antenna (Figs. 30-31) always six-segmented, short, 0.54 mm. in length. 
The proportions of the various antennal segments are 10 : 14 : 38 : 17 : 18 : 
224-5. Fourth and fifth antennal segments are some times equal. 7-8 
broad!}" annular secondary sensoria on the third antennal segment, 2-3 
on the fourth antennal segment, rarely o-i on the fifth segment, encircling 
a httle more than half the circumference of the various segments. One 
large round primary sensorium at the top of the fifth and another at the 
base of the flagellum of the sixth antennal segment. FlageUum short, 
furnished with a few short thick spines at the apex. Rostrum short 
about 0.5 mm. in length, reaching up to the middle of the meso-sternum. 

Thorax and appendages. — Forewings (Fig. 46) 2.5 mm. in length. 
Median once-branched, poorly developed in the anterior one-fourth length. 
Hind wings (Fig. 47) with both median and cubitus arising from almost 
the same place. Legs normal. Hind tibia about i mm. long, hind meta- 


Tiillgren, Arhiv. ZooL, 5 (14) : 148 (1909). 
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tarsus 0.03 mm. and second tarsal joint 0.15 mm. 

• Abdomen. — Cauda and anal plate round (Fig. 32),^ furnished with a 
few long hairs. Wax-pore plates poorly developed, 2-4- only discernible, 
with some difficulty on the anterior half of the abdomen. Cornicles 
apparently wanting. 

Holotype. — ^An alate viviparous female collected from galls on poplar 
at Amar-Khail near Kabul on 18.vii.39, on a slide (I.P.C. No. R/8052). 

.Paratypes. — Farge number of alate viviparous females on slides and 
preserved in alcohol (I. P. C. No. R/8053-8059). 

Systematic position. — This species comes very close to sexupara of 
Pemphigiis spirothecce Passerini.’"'' The number of secondary sensoria on 
the third and fourth antennal segments and the general appearance are 
almost the same in both cases. Cornicles are absent in both. But these 
specimens are fundatrigenia, which differ from fundatrigenia of spirothecce 
in the following characters : — 

1. All the females have six-segmented antense unlike spirothecce, 
which sometimes have only five segments. 

2. .The proportions of the antennal segments and the lengths of the 
antennse are quite different. 

3. Wax-pore plates are very poorly developed in this species. 

Eriosoma taskhiri, sp. nov. 

Alate viviparous female. 

Size and general colour. — Tength 2 to 2.2 mm. Colour dirty brownish- 
yellow in specimens preserved in spirit. Head, thoracic lobes, mesonotum, 
mesopleurse, mesosternum and scutellum very dark brown to almost 
black. Face, antennse, e3^es, legs, base and tip of rostrum, genital plate 
and posterior margin of cauda light brown. Antennal sockets, basal areas 
of the antennal segments middle portion of the rostrum, prothorax, 
acetabulae, basal areas of the leg joints and. the entire abdomen brownish-, 
yellow or greyish-^^ellow. Wing insertions, costa and stigma dark dirty 
yellow. Tegs brownish-3^ellow. . 

Head and appendages. — Antenna (Figs. 7 and 8) 0.78 to 0.9 mm. long, 
six-jointed. The lengths of the antennal segments vary in different indi- 
viduals, average proportional lengths of the various segments 12 : 12 : 98 : 
30 : 28 : 13+7. Secondary sensoria annular, incompletely encirchng the. 
segments ; typically present on the third to sixth antennal segments, 
numbering 22-30 on the third, 5-9 on the fourth, ‘5-8 on the fifth and 1-2 
on the sixth. Primary sensorium is absent from the fifth but present on 


‘^Passerinf, Gli Afidi, p. 39 (1860). 
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the sixth segment ; branched and furnished with short spines on its circum- 
ference. Flagellum of the sixth antennal segment short and thick, about 
half the length of the base, furnished with 3-5 short spines. Rostrum 
reaches the anterior margin of the second pair of coxae, about 0.58 mm. 
in length. 

Thorax and abdomen. — Forewings (Fig. 9) with median once branched, 
near middle and is nearty obsolete near base. In the hind wings (Fig. 10) 
both median and cubitus present. Hind metatarsus is 0.02 mm. and the 
second tarsal joint 0.15 mm. in length. Length of the hind tibia is 0.8 mm. 
and that of the forewings 2.8 mm. 

Cauda and anal plate round (Fig. 12). Anal plate furnished with 
long hairs. Two large hairs on the apex of cauda. Cornicles (Fig. ii) 
short, situated on broad hair}^ cones. 

Apterous viviparous female. 

Length of body from vertex to anal plate 2. 0-2. 2 mm. Width of head 
across e^^es 0.46 mm. General colour light brownish-yellow in specimens 
preserved in spirit. First to fourth antennal segments light yellow. Fifth 
and sixth antennal segments and legs darker in colour than the rest of 
body. Compound eyes very poorly developed. Antenna (Fig. 13) 0.7-0. 8 
mm. long, of six segments with relative proportions of 9 : 9 : 41 : 17 : 16 : 
10+3, fourth and fifth segments sometimes equal in length. Flagellum 
short and blunt. Rostrum 0.73 mm. long, extending a httle beyond the 
second pair of coxse. Hind metatarsus 0.02 mm. and the second tarsal 
segment 0.12 mm. long. Hind tibia 0.63 mm. in length. Body probably 
. covered over with wax in nature. Most of the dorsal surface of the head, 
thorax and abdomen furnished with polygonal cells (Fig. 15), particular^ 
prominent over the sixth to eighth abdominal segments. Cauda and anal 
plate round. Cornicles (Fig. 14) short, slightly truncate, situated on broad 
cones furnished with hairs ; a few hairs present on the cornicles as well. 

Holotype. — An alate viviparous female collected from galls on poplar 
at Kabul on 26.vi.39, on a slide (I.P.C. No. R/8060). An apterous vivi- 
parous female collected along with the alate form is also on a slide (I. P. C. 
No. R/8061). 

Paratypes. — Several alate and apterous viviparous females on slides 
(I. P. C. No. R/8062-8066). 

Notes. — This aphid produces spongy irregular galls on the terminal 
twigs of poplar (Fig. 16). The galls are of different sizes, varying from 
15-35 length and breadth. At some places these galls are 

grouped together to resemble a big spongy mass. These galls are almost 
similar to those of Mordwilkoja vagahiinda (Walsh)'^ in Illinois (U.S.A.). 
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* Walsh, ProG. ent. Soc. Philadelphia, 1 : 306 (1862), (ByrsocryjM). 
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Dalpada sp. 

Amyot efc Audinet-Serville, Hist. Nat. Ins. Hmn'pt., Paris, p. 105 (1843). 

There is only a single male specimen taken on bean at Chardeli on 
4.vii.39. The fourth and fifth antennal segments and legs are broken. 
The specimen is ochraceous-brown, coarsely punctate, lateral sides of the 
abdomen beneath a little more finely punctured, connexivum above and 
below with black s^^ots. First antennal segment concolorous with the body, 
the second and third segments black. 

Eusarcocoris inconspieuus (Herr.-Schaff.) 

Herrich-schaffer, ^Yanz. Ins., 7 : 93 (1844) {Pentatoma). 

The single male specimen was collected at light from Kunduz on 
8.vii.39. 

This species is previously known from the Paleearctic, Aethiopian 
and Oriental regions. 

Brachynema cineta (Fabr.) 

Pabricius, Syst. Ent., p. 712 (1775) (Cimex). 

I have before me a male specimen collected at light from Haibak 
on 5.vii.39 and a female on apricot at Kandahar (3425 ft.) on 24.vii.39. 

. This species is previously recorded from Europe and Algeria. 

Rhaphigaster nebulosa (Poda) 

Poda, Ins. Mxcs. Gr., p. 56 (1761) (Gimex). 

The material before me comprises four nymphs and four females 
collected on apricot at Kandahar (3425 ft.) on 24.vii.39. 

Eurydema festivum var. chloroticum Horvath^ 

Horvath, Bev. Ent., 10 : 78 (1891). 

There are two males collected on carrot from Doaba on 14.vii.39. 

Eurydema festivum var. pictum (Herr.-Schaff.) 

Herrich-SchaflPer, Panz. Faun. 'Germ., p. 116 (1834) {Peniatoma). 

There is a male and a female specimen collected from Doaba on 
14.vii.39 along with E.festmtm chlorotimm. 


Eurydema festivum, var. decoratum (Herr.-Schaff.) 

Herrich-S chaffer, Panz. Faun. Germ., p. 116 (1834) {Peniatoma). 


'^Eurydema festivum var. chloroticum is common in India and . the Philippines, where it 
attacks cruciferous crops among others.— M. S. Mani. 
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In the coUectioii there is a male and a female taken on carrot from 
Doaba on 14.vii.39 along with the above two varieties and one female 
from Kandahar taken on apricot on 22.vii.39. 

These varieties of E. festivum are widely distributed and the previous 
records are from Europe, North Africa, Canar^^ Isles, Syria, Turkestan, 
Kashmir and China. 

. Carpocoris fuscispinus Boh. 

Bohmann, Svensh., Vet.-Akad. Hand., p. 241 (1849). 

In the material before me there is a male and a female collected on 
carrot from Doaba on 14.vii.39. The female is darker m colour than the 
male. The clavus and corium in male are pale ochraceous, whereas in the 
female they are dirty purple. 

This species occurs throughout the Palsearctic region descending 
down to. the north coast of Africa.^ 

TINGIDIDJ 3 
Stephanitis pyri (Fabr.) 

Fabricius, Syst. Rliyncli., p. 126 (1803) 

There are about two dozen specimens collected on apple at Kandahar 
(3425 ft.) on 23.vii.39. The nymphs and adults of this lace-bug were fairly 
common on apple leaves at the time of the visit of the Delegation. 

It has been previously recorded from Syria and Europe. J 
Monostira unicostata Muls. & Ray 

Mulsant et Kay, Ann. Soc. Lmn. Lyon, p. 134 (1852). 

The material before me consists of a large number of male and 
female specimens collected on willow and poplar at Kandahar (3425 ft.) on 
27.vii.39. At the time of the Delegation's visit the bugs were breeding 
extensively on the leaves thus causing a rather very serious damage to 
these trees. 

This species is widely distributed and is previously recorded from 
Europe, Algeria and America. 

REDUVIID.® 

Pasira perpusilla (Walk.) 

Walker, Cat. Het., 7 : 196 (1873) [Reduvins). 

There is a single male specimen of the species collected at light from 

Sacharov reported this species as an important pest of flax on Kussia-Afghanistan border- 
area in 1914.— M. S. Mani. o 

I Also from Mesopotamia, Japan and South-east Asiatic Kussia. — M. S. Mani. 
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Kandahar (3425 ft.) on 25.vii.39. 

Basal areas of clavus and corium in this specimen are reddish-luteous 
and not luteous asps generally the case in this species. 

It has been previously recorded from North Bengal and Burma. 

Ectomocoris sp. 

Mayr, Verli. zool.-bol. Ges. Wien, 15 : 438 (1865). 

The single male specimen before me was collected at light from 
Kandahar (3425 ft.) on 25.vii.39. It is piceous-black. Second, third and 
fouith antennal segments, apex of rostrum, aj)ices of tibia, ventral tibial 
groove and tarsi piceous-brown ; a sub-basal, a transverse discal and an 
apical spot on hemelytra pale luteous. 


Ecfomocoris sp., prox. ochroptera Stal 

The single male specimen collected at light at Kandahar on 21.vii.39 
1|.. ■' fr comes very near E. ochroptera Stal* but differs in the following characters: 

f Antennas, rostrum, legs, clavus, corium, basal third and apex of mem- 

brane, lateral margins of abdomen luteotestaceous ; inner margin of 
clavus, a transverse fascia on corium, coxae and the rest of the body black. 

Pirates mundulus vStal 

stal, En. Hemipi., 4 : 58 (1874). 

^ ' There is a male and a female specimen collected at light at Kunduz 

(1100 ft.) on 8.vii.39. 

This species has been previously recorded from India (Tranquebar, 
Dacca, Saran and Borghat) and Ceylon. 

Sirthenia flavipes (Stal) 

Stal, Ofv. Svenska Vet.-Akad. Fork., p. 187 (1855) (Sasahv^). 

There is one female specimen collected at light from Kandahar on 
25.vii.39. The whole of the basal half of corium is luteous in this specimen. 
When the elytra are closed this luteous' area forms a horse-shoe shaped 
band. 

This species is known to occur in India, Cejdon, Java, Borneo, Philip- 
pines/ Jap au and Formosa. 

; Oncocephalus klugi Dist. 

• Distant, Fami, Brit. India, Rhjnichota, 2: 230 (1904). 

* Stal, Ojv. Svenska. Vet.-Akad. Fork., p. 256 (1866). 
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There is only one female specimen of this species collected at light 
from Kunduz (1100) on S.vii.sg. This sjpecies has been previously recorded 
from India and Burma. 

Nahis indieus (Stal) 

Stal, En. Hemijpt., 3 : 114 (1873) (Aspilaspis), 

111 the collection there is only a female specimen taken on cotton 
at 'Kunduz on 8.vii.39. It is previously, known from North India. 

CAPSIDS 

Adelphocoris lineolatus (Goeze) 

Goeze, E^it. Beitr., 2 : 267 (1778) (Ohnex), 

In the material before me there is a male and a female from Mazari- 
Sharif (1237 f'^*) 10.vii.39 and two females from Kunduz on 8.vii.39 

collected at light at both the places. 

This is a palsearctic species and has been previously recorded from 
Breton Island and Nova Scotia on Chenopodmm spp.'^ 

Trigonotylus ruficornis (Geoffr.) 

Geoffiy, Fourc. Ent. Par.y p. 209 (1758) (Gimex). 

There are three females collected on rice at Ammal-i-IChail, Ghazni. 
(7280 ft.) on 18.yii.39 and a male one on cotton at Kunduz on 9.vii.39. 
The bugs were fairly common on rice. 

This is a widely distributed species and has been previously recorded 
from Europe, Eastern North America, Quebec, New-England, Kansas 
and Colorado. 


Lygus pratensis (Einn.) 

Linnaeus, Syst. Nat., (ed. 10) 2 : 448 (1758) (Gimex). 

The collection contains material from the following localities ; — 

[a) Three males and two females from Bamian (9000 ft.) feeding 
on berseem, 4.vii.39 ; (&) One female on cotton from Kabul, 26.vi.39 ; 
(c) One female on maize from Haibak, 5.vii.39 ; [d) One female at light 
and two on cotton from Kunduz, 9.vii.39. 

It was not found in appreciable numbers on any of the above crops 
in July 1939 in Afghanistan. This Capsid bug, known as the ‘ tarnished 
plant bug,’ is a serious pest of various crops, specially pear and apple in 
America. Its distribution ranges all over Europe, Canada, U. S. A., and 
Mexico. 


* It occurs in Kashmir also, and in the south-east Asiatic Russia, whei’e it is an impoz’tant 
post of lucerne, sugarbset and cotton.— M.''S. Mani. 
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ANTHOCORID^ 

Anthocoris sp. 

Fallen, Hem. Seuc„ p. 65 (1826-29). 

There are a dozen specimens of a species of this genus in the material 
from Kabul taken on 28.vii.39. The nymphs and adults of this Anthocorid 
were fairly common and were feeding on the immature stages of Bemisia. 
sp. infesting rose leaves. 


vSPECIES INCERTIS SEDIS 


One Anthocorid adult from Ammal-i-Khail on rice collected on 
18. vii.39. 


CICADID.® 

- Psalmocharia rugipennis (Walk.) 

Walker, his. Sauncl. Homo2)t., p. 17 (1858) (Cicada). 

There is one female specimen collected on Artemisia bush at Qalat-i- 
Ghilzai (5543 ft.) on 21.vii.39. 

This species is already known from Quetta in India. 


Paharia sp. 

Distant, Ann. Mag. Not. Hist.y (7) 16 : 25 (1905). 

In the collection there are two males, one from Dakoo near Kabul, 
sitting on mulberry on 26.yi.39 and another from Chardeh on willow tree 
on 4. vii.39. 


Dr. Ahmad in his diary writes : ' . 

At both these places there were numerous cast skins sticking to 
the trunks of trees, on grass and even on the ground. , Some adults were 
heard making the. usual noise but when approached' they flew away. The 
two adults captured were in the act of moulting. Numerous holes were 
found in the soil about one-fourth of an inch in diameter. These holes 
were discovered to contain cast skins and dead nymphs. It is said to 
defoliate trees like mulberry but does not damage crops.'' 
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I. . Introduction 

In a previous paper (Alimad- & Ghulamullali, 1939), while discussing 
the ' pre-imaginal development and viability of E arias fabia (Stoll) and 
Microbracon greeni lefroyi (D. & G.) at different temperatures, some of 
our conclusions were : (i) that temperatures between 35°C and 45°C 
are markedly injurious to the parasite but not to the host, indicating 
therefore, that the duration for which such temperatures prevail in nature 
is an important factor determining host and parasite populations, (ii) that 
there seems to be little foundation for the belief that severe winters are 
more injurious to the parasite than to the host ; and {iii) that between 
l6°C and 35°C the parasite develops tv’-o to two and a half times faster 
than its host. With regard to the effect of relative humidity on develop- 
ment it was concluded that, whereas the parasite is highly ’’sensitive to 
drought, the bollworm is seriously affected by moist conditioiis. Consi- 
dering the combined influence of temperature and humidity, rains in summer 
should cause decrease in the number of the pest by lowering the tempera- 
ture, which is beneficial to the development of the parasite, and b}’' raising 
the humidit 33 which is injurious to the pest.' It is a common observation 
that the incidence of the bollworm is actually low during the mbusoon 
months. 

The tentative nature of these conclusions was then emphasised, as 
they were only based on a study of the development of pre-imaginal stages 
of the pest and parasite. The other important factors, viz., fecundity, 
reproductive potential and longevity of adults have been now investigated 
and the data are presented in this paper. 

The material and general methods of work were more or less fully 
described in our previous work. For studying the fecundity of host, single 
pairs of fresh!}': emerged moths were liberated in glass tubes and kept at 
controlled temperatures. Inside the glass tube, a fresh cotton leaf . for 
oviposition and honey solution on cotton wad (in the case of moths to be 
fed) were provided. Similarly the adult parasites were provided with pieces 
of bhindi [Hibiscus escuUntus) fruits containing full-grown boUworms for 
oyiposition. The provision of cotton leaf for the former and of bhindi 
fruits containing host larvse for the parasite was necessary to have normal 
oviposition. It wiU be thus noticed that in all these experiments the adults 
of both the pest and the parasite had to live in a saturated or almost 
saturated atmosphere. Therefore, the saturation deficiency (S.D.) wherever 
mentioned refers to the state of moisture during the pre-imaginal period 
of the species (egg and pupal stages 'of the host and pupal stage only of 
the parasite),. It will be recalled that larval stages of both the host and 
parasite must, on account of their contact with moist food, remain 
necessarily exposed to saturated atmosphere. 
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It is well known that the conditions prevailing during the pre- 
imaginal as well as imaginal periods have each a profound influence on the 
fecundity of the resulting moths, therefore, the effect of environmental 
conditions prevailing during the two periods are critically and separately 
discussed. Commencing from freshly-laid eggs of both the host and para- 
site, large amount of material was reared at constant temperatures of 16'', 
20^, 25°, 30° and 35°C and S.D. of 0, 3 and 14 mm. The temperatures at 
which the entire pre-imaginal life was passed have been, for the sake of 
brevity, termed hereafter as ' pre-imaginal temperatures and those 
prevailing during the adult life as ' imaginal temperatures The emerging 
moths were either allowed to continue to remain at the j)re-imaginal 
temperature (called here constant temperature experiments) or they were 
transferred to a different temperature soon after emergence (called variable 
temj)erature experiments). 

Our thanks are due to Dr. Hem Singh Pruthi, Imperial Entomologist, 
for giving us all facilities necessary for carrying out the investigations and 
for going through the manuscript. 

II. Thb fecundity and oviPosmoN period of Earias fahia 

The power of multiphcation of an insect is- largely determined by - 
the rates of its development and mortahty on the one hand and its repro- 
ductive potential on the other. We have already considered the first two 
factors {op. citi) ; we give below data about the fecundity and oviposition of 
Earias fahia, which, form basis for determining- its reproductive potential. • 

[a) The pre-oviposition and oviposition periods 

The general habits of the boUworm moths, the nature of ovij)osition, 
the mode of egg-laying, etc., have been discussed by Deshpande and 
Nadkarny (1936) and several other workers. We describe below for the 
first time our observations on the pre-oviposition, oviposition and post- 
oviposition periods under different controlled conditions of temperature 
and huniidit3^ 

{i) The pre-oviposition period. — Deshpande & Nadkarn^^ {op. cit.)., work- 
ing in the Bombay Presidency, noted that, whereas some moths, began laying 
eggs on the first night after mating, a great majority of them commenced 
oviposition about the fourth night. As mating, according to him, took 
place on the second or third night after the emergence of moths, the pre- 
oviiDOsition period under Bombay conditions may be taken as three to 
seven days. A reference to Table I, in which our observations are sum- 
marised, will show that the pre-oviposition period, though not very variable, 
is influenced by environmental conditions prevaihng during the pre- 
imaginal and the adult lives. At constant temperatures, {i.e., the 
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temperature being same during the pre-imaginal and imaginal periods) the 
pre-oviposition period was 9-10 days at i6°C, 4-6 days at 20°C, 3-3.5 days 


Table I. Fre- & post-oviposition periods {in days) of E. fabia 


Temperature °C 

S. D. 

No. of 
pairs 

Average period of 

Pre-imaginal 

Imaginal 

Pre-oviposition 

Post-oviposition 

16 

! 16 

3 

4 

9.8 

4 



9 

3 

10 

4 

20 

20 

0 

5 

I 5.4 

1.2 



3 

7 

1 4.4 

2.6 



14 

7 

1 6.4 

3.4 

25 

25 

0 

10 

3 

0.5 



3 

10 

3.2 

1.3 



14 

4 

3.5 

1.5 

30 

30. 

0 

6 

3.3 

0.7 



3 

8 

3.0 

0.5 



i 14 

9 

3.1 

0.4 

35 

35 

0 

4 

3.0 

1.2 



3 

2 

3.5 

1.0 



14 

2 

3.0 

1.0 

35 

25 

0 

8 

3.1 

- 0.7 



3 

6 

3.8 

1.5 



14 

6 

3.8 

0.5 

35 

16 

0 

7 

7.0 

4.1 



3 

7 

7.6 

• 2.4 



14 

8 

8.3 

2.0 

25 

35 

0 

6 

3.1 

1t3 



3 

6 

3.1 

0 



14 

7 

2.8 

0.7 

25 

16 

0 

5 

5.6 

0.7 



3 

7 

5.6 

2.0 



14 

10 

5,9 

2.6 


at 25*^0, 30°C and 35°C. Under variable temperatures [i.e., the tempera- 
ture being different during the pre-imaginal and imaginal periods) both 
the pre-imaginal and imaginal temperatures have a share in determining 
the pre-oviposition period. While at constant temperatures of 25° to 
35 °C this period was 3-3.5 days, in the case of moths with pre-imaginal 
period at 25"^ or 35'^C, but adult life at i6°C the pre-oviposition period 
was prolonged to 6-8 days. It will be also observed that when the diff- 
erence betoeen pre-imaginal and imaginal temperature was large, 

35°C and i6°C) the prolongation in pre-oviposition period was more than 
when the difference betv’een the two temperatures was small f25^C and 
i6°C). ^ 

The condition of atmospheric moisture during the pupal stage seems 
to have httle effect on the duration of the pre-oviposition period, as shown 
by an examination of the data presented under various S. D. in Table I. 
For instance, at a temperature of 25*^0 the pre-oviposition period varied 
only from 3.0 days at o mm. S. D., to 3.5 days at 14 mm.' S. D. 
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(ii) Time of oviposition. — It is well known that the bollworm moths 
lay most of their eggs during the night, especially up to midnight. Desh- 
pande and Nadlcarny {op. cit.), however, went so far as to state tiiat ovi- 
position does not take place at all during the day time. They further 
stated, “ it was surmised that the absence of light may be one of the re- 
quirements for oviposition and, therefore, a few pairs of moths were kept 
in perfectly dark chambers during the day time. This however did not 
induce them to lay eggs by day ’ This implies that eggs are not laid during 
the day time whether there is light or not. Our observations on bollworm 
pairs kept in the incubators show that this is not quite so. In our experi- 
ments many females laid a small percentage of eggs during the day time, 
while some sjoecimens laid quite a fair proportion of eggs during the day. 
The oviposition record of one such female is shown in Table II. It laid 
56 eggs (25 %) during the day time and 169 during the night. 


Tabi,e II. N timber of eggs laid by a moth during different times of the day 

and night at 24°C - 


Time of 
the day 

1 

No. of eggs laid on different days after 
emergence 

Total 

No.* 

, ) 

:! 

Date of • 1 

1 2 3 4 5 0 7 8 9 10 11 12 13 

of eggs 

emergence 

death. | 

4 pm-9 am 

— 18 21 7 18 13 14 12 23 13 19 6 6 

169 

2.xi.38 

' 1 

17.xi.38 j 

12 am-4 pm 

— 8 20 8 13 7 — 

56 ■ 


b 


(iii) Distribution of egg-laying.— Ono.^ the female begins to lay eggs 
she continues to oviposit- almost daily. A reference to Table III, wherein 
the oviposition record of some of the prolific pairs is given, will show that, 
with very few exceptions, the ' inter-oviposition ' period was less than 
twenty-four hours. It will be also noticed that the oviposition started 
with a smaller number of eggs on the first day ; it gradually increased 
and the maximum number of eggs on a single day was reached usually 
on the third to fifth day. It again gradualty decreased till the female 
stopped oviposition. 

(iv) Post-oviposition period.— ^Oviposition in this species usually con- 
tinues up to a few days before death. The post-oviposition period, although 
again depending on temperature (Table I), is much shorter than the pre- 
oviposition period. It was roughly 4 days at .i6°C, 2-3 da^^^s at 20°C, 
0.5-1. 5 days at 25°C and less than a day at 30°C. At 35°C it was again 
somewhat longer, being a little, over twenty-four hours. This is because, 
as stated later on, 35 °C is not suitable for ovqDOsition. If the pre-imaginal 
and- imaginal temperatures are different, it seems both have a share in 
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determining the post-oviposition period. For instance, while the post- 
oviposition period at a constant temperature, of 25°C was 0.5-1. 5 days, 
in case the moths were transferred from 25 °C to i6°C the period was 0.7 
to 2.6 days, likewise, this period at a constant temperature of 35°Cwas 
only- one day while if the pre-imaginal period was passed at 35 °C and the 
adults- were transferred to i6°C the post-oviposition period was prolonged 
to 2-4 days. 

With regard to the effect of moisture, it will be' noticed that at 20° 
and 25 °C the post-oviposition period was minimum in a saturated’ atmosphere 
and increased with the rise in S. D. i.e., under comparatively dry 
conditions. At higher temperatures of 30° and 35°C on the other hand,, 
this period was longest in the saturated atmosphere and decreased as 
the conditions became drier. 


ih) The mmher of eggs laid imder different conditions 

Lefroy (1906) considered 60 as the average number of eggs laid by 
a bollworm female under normal conditions. Deshpande and Nadkarny 
{op. cit.) found the egg-laying' capacity to be much higher in' Surat, the 
average number during August-September being 432 eggs per female. 
They stated that this number declined considerably during December and 
January due to cold. From this it may appear that temperature during 
the adult life is the only factor which influences the fecundity of the 
females. Actually, however, there are a number of other external factors 
which affect this capacity. As shown by several previous observations 
e.g., von Linden's (1902) studies on butterflies, and Alpatov aiid Pearl's 
(1929) observations on Drosophila melanogaster, the temperature and humi- 
dity at which the pre-imaginal life and particularly the pupal stage of 
moths is passed have a profound influence on the longevity and reproduc- ' 
tive power of the adults. They are as important as, if not more than, the 
conditions prevailing during the adult life. 

(i) Influence of constant temperatures . — A number of moths reared 
from material kept at 16°, 20°, 25°, 30°, and 35'"C were allowed to remain 
at the same temperatures at which the pre-imaginal life was passed and 
their fecundity was noted. They were fed on a dilute solution of honey 
throughout their life. Much though we desired, we found it very difficult 
to have a fairly large number of observations at the low temperature of 
i6°C, which is very close to threshold, partly because of the higher morta- 
lity among pre-imaginal stages and partly due to the prolonged period 
of pre-imaginal development extending to about three months. Further- 
more, due to protracted development the emergence of moths even from 
the same batch of eggs was spread out over several days, so that it was 
difficult to get a sufficient number of moths emerging on the same da^’ 
to start pairs of the same age. Again, the moths which emerged at i6°C 
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were extremely inactive thus reducing the chances of their normal copula- 
tion. Therefore, many of these pairs did not lay eggs at all. Out of 22 
pairs liberated at i6°C only four pairs under 3 mm. S. D. and three pairs 
under 9 mm. S. D. laid eggs. .The average number of eggs laid by a female 
at various constant temperatures (under 3 mm. S. D.) of 16°, 20°, 25°, 
30° and 35 °C were 29, 136, 253, 163 and 0.22 respectively (Table IV). 
The maximum number of eggs laid per female at the same temperatures 
were 65, 290, 459, .360 and ii respectively. Thus, it will be observed that 
Earias fabia lays the largest number of eggs at temperatures between 
25° and 30°C. The fecundity decreases as the temperature rises or falls. 
Beyond 30°C there is a sudden fall in fecundity, so that at 35''C and above, 
great majority of the moths are sterile. Out of 40 pairs kept for egg- 
laying at 35 °C, 31 did not lay eggs at all. 

(ii) Infhtence of variable temperatures. — In this series the immature 
stages were reared at temperatures of 35 °C or 25 °C. The moths emerging 
from the material at 35 °C were transferred to 25° or i6°C and those emerg- 
ing from 25 '"C were transferred to 35° or i6®C. The fecundity of these 
moths is given at the bottom of Table IV. It will be noticed that, whereas 
the fecundity of moths which passed the pre-imaginal as well as imaginal 
life at 35 °C was extremely low, that of moths which had pre-imaginal life 
at 35 °C but were transferred to a favourable temperature of 25°C or i6^C 
during adult life, was greatly improved. The average number of eggs laid 
(under 3 mm. S. D.) was 133 when moths were taken from 35^^ to 25 °C and 
85 when taken from 35 "" to i6°C. The corresponding maximum number 
of eggs per female under the two conditions were 474 and 106. It will be 
observed that the moths transferred to 25 °C laid a much larger number 
of eggs as compared- to those transferred to i6°C. Reverse is the case 
of moths which had pre-imaginal life at 25 °C but were transferred to less 
favourable temperatures of 35° or i6°C during the adult life. They laid 
on the average 116 eggs when transferred from 25 °C to 35 °C and 108 when 
transferred from 25°C to i6°C (under 3 mm. S. D.) against an average of 
253 eggs when both pre-imaginal and imaginal temperatures were 25 °C. 

It will be clear from this data that the pre-imaginal and imaginal 
temperatures are almost equally important in determining the fecundity 
of E. fabia moths. It will not be safe to generalise which of the two has a 
more profound influence, as the effect of change from high to low and frorn 
low to high temperatures may not be the same but a comparison of the 
two sets of observations, m., fecundity of moths transferred from 35 °C 
to 25°C and of those transferred from 25° to 35°C, seems to show that 
the imaginal temperature has probably .a little more share in influencing 
the fecundity. 

(iii) Influence of Mmidity. — The data on the fecundity, of moths with 
pre-imaginal periods (egg and pupal stages) under the different saturation 
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Atl6T"S35XHie“„Aberof4“?sTO^^^ are presented i„ Table IV. 
comparison. At 20°C there was litfh Hiff ° admit of a reliable 

omm. and 3 mm. S. D., but under ra mm^T""!) ' f l fecundity under 

tiuctly lowered. At 25° and 30T which is tiie^m ; the fecundity was dis- 
perature, a saturated atmosphere TSst Ltiv ^em- 

of moths is markedly lowered VL f ^ injurious and the fecundity 
was highest under 3 mm. S. D. 

The maximum number of eaas laid hv a f at 30°C. 

wis^ temperatures (508 eggs at^LVcT^ 

wise at all the variable temperatures triS ^ ^ 30°C). kike- 

to »” fecondity referred 

of eggs laid. rSfefnl fa e &TabYtf^^^^ 

TabrbV r/, r a- 11a Table V. It will be observed 

he femndity of fed and tmfed fairs of k fabia ai 
temperatures andS. D. ^ ^ ° ^ 



Z Zl'totZ "T 

M pairs laid on the aSiaSsT, t4eStn« a ^cTf 

While the unfed pairs laid o^^ i ^36 (14 mm ? ^ 

number of eggs per ^ ^3 eggs respectivelv Z' 

than the unfed niuch bkherZ lZ niaximum 

tion deficiencies tried IZ u-^° interesting to note that^oTS °! 


TabIvE VI. The effective reproductive potential o/E. iohiTi under different conditions 
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(c) The reprodiictive potential 

The effective reproductive potential of E, fabia under different 
conditions of temperature and S. D. is shown in Table VI. Figures for 
egg, larval and pupal viabilities are reproduced from our previous pa^oer 
{op. cit.). It will be observed that owing to high larval mortality noticed 
under laborator3^ conditions, the effective reproductive potential was 
generalty low. The maximum reproductive j)otential (10.7) was obtained 
at a temperature of 30°C and S. D. of 14 mm., the next best conditions 
being 25 °C and 3 mm. S. D. Thus temperatures between 25° and 30 °C 
and S. D. between 3 and 14 mm. afford' the most optimum conditions for 
the reproduction of this species. At a constant temperature of 35 
whatever the S. D., the population of the species went on decreasing * 
therefore, it would not be able to exist for a very long time under these 
conditions. It would also become practically extinct at a constant tem- 
perature of 20°C if the S. D. was 14 mm. and at a temperature of i6°C 
if the S. D. was 9 mm. Under 3 mm. S. D. at i6°C the species could barely 
maintain its existing population without being able to increase. 

III. Thb longevity of adults of Earias fabia 

Previous observations on the longevity of moths show a great amount- 
of variation, naturally because of the different environmental conditions 
under which the observations were taken, Deshpande and Nadkarny 
[op. cit.) state that the average life of a moth fed on honey or sugar solution 
was found to vary from 8 to 22 days, a few lived up to 30 days and one 
lived as long as 34 days. Obviously the longevity depends on several 
factors such as the prevailing temperature and humidity, quality and 
quantity of food available, etc., some of which are discussed below 

{a) Infkience of temperakire 1 ^ 

Temperature is by far the most important factor regulating the 
longevity of adults just as it does the development of immature stages. 
Generally speaking, moths are short lived at high temperatures and have 
a longer life at low temperatures within the optimum range (Table VII). 
The effect of same and different pre-imaginal and imaginal temperatures 
may be considered separately. 

(i) Influence of constant temperature . — When the pre-imaginal and 
imaginal periods were passed at the same temperature, the average longe- 
vity of coprdating pairs fed on honey solution at different temperatures 
of i6^ 20^ 25°, 30°, and 35°C' (under 3 mm. S. D.) was 20, 16.9, 16, 12.4 
and 5.7 days respectively. The maximum duration of life under these 
conditions was 26, 31, 37, 26 and 24, days. This would indicate that al- 
though the average longevity decreased considerably with the rise of tern- 
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perature; a few individuals lived fairty long even at high temperatures 
(see maximum figures). Again, a comparison of the longevity of the two 
sexes will show that females were generally longer lived than the males. At 
various constant temperatures mentioned above (under 3 mm. S. D.) the 
average longevity of the copulated female moths was 20, 18.5, 16.2, 13.3 
and 7 days respectively against 20, 15.3, 15.0, ii and 4.3 days in the males. 

(ii) Influence of variable temperatures , — In this series, moths emerging 
from material at 35°C were kept at 25° or i6°C during the adult life and 
those emerging from 25°C were kept at 35° or during the adult life. 
From Table VII it will be observed that while at a continuous temperature 
of 35'^C the longevity was very short, being only 5.7 days (under 3 mm. S. D.), 
moths with pre-imaginal life at 35°C and adult life at 25°C or lived 

as long as 15.6 and 21.4 days (under 3 mm. S. D.) respectively. Here again 
the life at i6°C was longer than at 25 °C. The longevity of moths trans- 
ferred from 25° to'35°C was 11.4 days against 16 da^^s at a continuous 
temperature of 25 °C. A comparison of the longevity under the two ex- 
periments, viz,, 35 °C to 25 and 25 ""C to 35 °C reveals a longer life in the 
former case. This indicates that a temperature of 35 °C during the adult 
life is more injurious than that during the pre-imaginal period. It is 
interesting to find that the longevity of moths transferred from 25 °C to 
i6®C (30.8 days) was longer than that at a continuous temperature of 25°C 
or i6°C. This would indicate that the adult stage is. more resistant to 
low temperatures than the pre-imaginal stages. Under laboratory con- 
ditions it was noticed that if all the pre-imaginal stages were passed at a low 
temperature of i6°C, the resulting moths almost always^ showed some 
degree of malformation, mostty in wings and sometimes in legs and other 
body parts. As a result of this injurious effect, these adults when kept at 
i6°C hved a shorter life than those emerging from material at '25 °C, and 
thereafter kept at i6°C. In other words, a temperature of i6°C during 
the adult period lengthens the life but during the pre-imaginal period it 
is injurious, as it causes malformation in the organs of the adult. Maximum 
adult life wiU be obtained if the pre-imaginal stages are j)assed at 20° to 
23 °C and the adult stage is exposed to temperatures round about i6°C or 
possibly even less. These are exactly the conditions which moths of the 
last brood have to face in nature. Their pre-imaginal stages are passed 
at favourable temperatures of 20°C or so during October and November 
and the adults have to face the rigours of cold climate during December 
and January. Under these conditions the average adult life is easily over 
a month and the maximum well over one and a half months. 

(6) Influence of humidity 

The eff'ect of the saturation deficiency prevailing during the pre- 
imaginal period on the longevity of resulting adults will be clear from a 
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reference to Table VII. Adults emerging from material kept nnder 3 mm. 
vS. D. were generally the longest lived, those reared at o mni. vS. D. come 
next, while adults from material undergoing very dry conditions (14 mm. 
S. D.) had the shortest life. Under variable temperatures, the adults 
from material kept at o mm. S. D. lived the shortest, while those from pre- 
imaginal stages under dry conditions lived the longest life. Thus within 
certain limitations a lower humidity during the pre-imaginal period is 
favourable to the longevity of adults. 

(c) Influence of food 

Feeding of moths on honey or sugar solution decidedly prolongs 
their life. This is borne out by the data presented in Table VIII. At 
25°C and S. D. of 3 mm. and 14 mm. the average longevity of fed moths 
was 16.0 and 14. i days while that of unfed moths was only 8.0 and 9.1 
da3^s. The maximum duration of life under these conditions was 37 and 

Tabi,b VIII The longevity [in days) of fed and tmfed pairs q/E. fabia 
at some temperahi/res and S, D. 


Temperature °G 

S. D. 

Longevity of moths fed 
on honey 

Longevity of unfed 
moths . 

Pre-imaginal 

Imaginal 

mm. 

Average 

Maximum 

Average 

Maximum 

25 

25 

3 

16.0 

37 

8.0 

21 



14 

14.1 

22 

9.1 

14 

25 

35 

3 

11.4 

21.4 

2.9 

' 4 



14 

13.2 

24.0 

3.4 

5 

25 

16 

3 

30.8 

46.6 

15.0 

^ 23 



- .14 

32.3 

42.0 

, 

15.2 : 

36 


22 days in the case of fed moths and 21 and 14 da3^s in the case of unfed 
moths. The same is true at variable temperatures. In nature, the food 
of moths in the form of nectar of flowers is almost always available, more 
so during the active period of the bollworm and thus helps to give longer 
life to the moths. ' - - 

[d) Influence of copulation 

Detailed observations on the longevity of copulating pairs have 
been discussed above. Data on the longevity of uncopulated pairs under 
some conditions of temperature and humidity are given in Table IX. A 
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comparison of these figures with those in Table VII will show that under 
variable temperatures the uncopulated moths usually lived longer than 
those allowed to copulate. It is curious, however, that under constant 
temperature experiments the moths not allowed to copulate lived a shorter 
life than those allowed to copulate. For instance under o mm. S. D. and 
at temperatures of i6°, 25°, 30° and 35°C the uncopulated moths lived 
12.8, 8.8, 5.7 and 4.6 days against 20.2, 12. i, 10.9 and 4.4 days in the case 
of copulated moths. It may be mentioned that in nature variable tem- 
peratures are more common than a uniform temperature throughout the 
pre-imaginal and imaginal periods. 

IV. Trm fe:cundity and oviposition period of Microhracon 

greeni lefroyi 

The data hitherto recorded in literature regarding the oviposition 
and number of eggs laid by Microhracon greeni lefroyi are much more 
variable and meagre as compared to those relating to the host. The value 
of such data is further reduced by the fact that the conditions under which 
they were recorded are in many cases not accurately mentioned.. Our 
data on the oviposition period and the fecundity of Microhracon greeni 
lefroyi under different controlled conditions, are presented below, and 
discussed in the light of those as are available so far. 

{a) The pre-oviposition, oviposition and post-oviposition periods 

{i) The pre-oviposition period. — As a result of experiments carried 
out in the Bombay Presidency, Deshpande and Nadkarny [op. cit.) con- 
cluded that no eggs are laid by the jDarasite on the day of its emergence 
and frequently a week or more elapses before oviposition commences under 
laboratory conditions. The environmental conditions under which the 
above observations were made are, however, not stated. The authors 
further add 'that normal^ oviposition begins on the second or third day 
after emergence of the female. 

An examination of our data on pre-oviposition period presented in 
Table X will show that this period is influenced by the conditions pre- 
vailing during the pre-imaginal and imaginal periods of the parasite. 
At constant temperatures of 16°, 20°, 25° and 30° C the average 
pre-oviposition periods were 8.2-10.1, 3.0-3. 3, 2. 2-2. 4 and 2. 4-3. 8 
days respectively. The influence of S. D. prevailing during the pre- 
imaginal (pupal) period is also significant. Adults reared from pupae 
under saturated conditions (S.D., o mm.) generally matured and laid eggs 
quicker than those reared under dry conditions. Thus at 16° C, the pre- 
oviposition period was 8.2 da3^s under o mm. S.D., against 10. i da3^s under 
9 mm. S.D.; likewise at 20°C, it was 3.0 days under o mm. S.D., against 
14 “Indian J. Ent., 3 (2)’’ 
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laid per day is larger than that at any other temperature. A maximum 
of 27 eggs during 24 hours was recorded at 25°C. 

[Hi] The post-oviposition period. — An examination of Table X, 
wherein the post-oviposition period under different conditions is presented, 
will show that on the average this period was 4.3-5-6 days at i6°C, 1.5- 
2.0 days at 20°C and 1.0-1.3 da^’^s at 25°C to 30°C. In the variable 
temperature experiments, when the adults reared at 25 were transferred 
to i6°C the post-oviposition life was 8-16 days, but when transferred 
from i6°C to 25°C it was only 2.0 to 4.0 days. Here again, the imaginal 
temperatures seem to have more profound influence on the post-oviposi- 
tion period than the pre-imaginal temperatures. It will be further 
observed that the post-oviposition period was somewhat shorter in the case 
of adults reared from pupae kept under saturated conditions than those 
with pre-imaginal life under drier conditions. 

{b) The number of eggs laid under different conditions 

Deshpande and Nadkarii}^ [op. cit.) recorded the number of eggs laid 
by the parasite only in a few cases, because, according to them, the count- 
ing involved disturbance ofHhe eggs with injurious effect. We are not 
able to appreciate this difficulty as we have recorded the eggs in all the 
experiments without injuring them in any way. From their limited 
observations, the above mentioned authors recorded 16-84 
female in the case of jparasites obtained from Khandesh and 95-504 
eggs per female in the case of those collected locally at Surat. They, 
however, gave more data about the adult j)rogeny emerging from parents 
collected from different sources. Thus the parasites collected from 
Khandesh yielded a progeii}?- of 4-58 adults per pair, those from the Punjab 
yielded 5-128 . adults and those collected locally at Surat gave 4- 
136 adults. Without analysing the influence of various environ- 
mental conditions, on the fecundity of the parasites from different sources, 
the authors leave the data with the remarks there is a great variation in 
the number of adults obtained from each pair which is' probably due to the 
susceptibility of the parasite to the unnatural conditions of breeding in 
captivity' Husain and Mathur (1921, 1923), working in the Punjab, 
recorded a maximum number of 216 eggs by*a parasite. 

Our observations on the number of eggs laid by the parasite under 
different conditions are discussed below : 

[i) Influence of temperature. — The adult parasites emerging from 
immature stages reared at constant temperatures of 16°, 20°, 25®, 30° and 
35 °C were either allowed to continue to remain at the temperature at 
which the pre-imaginal life was passed or transferred to a different tem- 
perature. They were fed on a dilute solution of honey and their fecundity 
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is recorded in Table XII. In the first series (same temperature during 
^ preimaginal and imaginal life) it will be noticed that the number of eggs laid 

TabuB XII. The fecundity o/M. greeni lefroyi [fed on honey ) at different 
temperatures and saturation deficiencies 


Temperature °C 

S.D. 0 mm. 

S.D. 3 mm. 

S.D. 14 mm. 

r— < 
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No. 
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Average Maximum 
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16 
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13 

7.6 63 
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16 
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12 

69.5 159 
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26 33 

16 

25 

12 
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72 

10 

50.9 129 

— 
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‘^'"Tliese observations were taken at 9 inm. S. I), instead of 14 min. S. D. 

per female rose with the rise in temperature up to 25 °C and thereafter 
it declined, the average figures (under o mm. S.D.) being 18 eggs at 
i6°C, 29 eggs at 20°C, 66 eggs at 25°C and 54 eggs at 30°C. The corres- 
ponding maximum figures were 39, 40, 102 and 121 eggs per female. At 
35 °C a large number of pairs were kept for oviposition but all died without 
laying any eggs at all. A temperature of 25 °C seems to be the most opti- 
mum for fecundity. 

In the second series the adults emerging from material reared at 25°C 
were transferred to 35°C or i6°C. Those transferred to 35°C did not lay 
eggs in the majority of cases. The average of a few females which laid eggs 
was 9.5 eggs, 10 eggs, and 7.6 eggs under o, 3 and 14 mm. S'.D. respectively. 
It will be thus observed that most of the adults with pre-imaginal develop- 
ment under an optimum temperature of 25°C became sterile when 
transferred to 35 °C during the imaginal life. The other lot transferred from 
25° to l6°C laid a good number of eggs, the average per female being 
50.5 eggs and 69.5 eggs under o mm. and 3 mm. S.D. respectively. The 
corresponding maximum number of eggs per female was 78 and 159. 
Adults reared at i6°C and transferred to 25°C laid fairly good number of 
eggs,, but less than those transferred from 25° to i6°C, the average being 
29 and 30.9 and the maximum 72 and 129 eggs under o mm. and 3 mm. 
S. D. respectively. 

{ii) Influence of relative humidity of air. — The data on the fecundity 
of adults with pupal period passed under different saturation deficiencies, 
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viz., o mm., 3 mm. and 14 mm. are presented in Table XII. At 20° C, 
there rvas little diSerence in the fecundity under 3 mm. and 14 mm. vS.D., 
but under o mm. S.D., the fecundity was distinctly lowered. At 25° and 
30'C, a dr3- atmosphere (14 mm . vS.D.) was distinct!}' injurious and the 
fecundit}- was lowered. There was very little difference in fecundity 
under o and 3 mm. S.D. at these two temperatures. The average and 
maximum number of eggs laid b}" a female was highest under 3 mm. S.D. 
at 25 ^c. In the second series (variable temperature experiments) also, 3 
mm. vS.D. was -the most optimum humidit}' and 14 mm. S.D. was more 
injurious than o mm. S.D. 

[Hi) Influence of feeding.— TO-Ct fecundit}* of fed and unfed parasites 
at temperatures of 20“ and 25 'C and saturation deficiencies of o mm. 
and 3 mm. is given side b}' side in Table XIII for comparison. Whereas 
the fed females laid on the average 29.1 and 55.4 eggs at 20’c and 66.0 


Table XIII. The fecundiiy of fed and unfed., pairs of M. greeni lefroyi 
ai some temperatures o/nd S, D. 


Temperanire 'C 

S. D. 

Xo. of eggs laid bj 
fed pairs 

Xo. of eggs laid by 
unfed pairs 

Pre-imaginal 

Imaginal 

nun. 

Average 

]^Xaximum 

Average 

IMaximum. 

20 

20 

0 

20.1 

40 

14.4 

26 

20 

20 


55.4 

138 

22.42 

27 

25 

25 

0 

66.0 

102 

15.0 

26 

25 

25 

3 

67.0 

145 

23.8 

52 

25 

35 

0 

9.5 

54 

nil 

1 nil 

25 1 

35 i 

3 

, 10 

23 

nil 

nil 

25 ; 

16 

' 0 

50.5 

I 

78 

20.0 

49 

25 

16 

i i 

: 3 

69.5 

159 

1 

23.5 

i 

36 


and 67.0 eggs at 25 °C under the two conditions of saturation deficiencies, 
those which were not fed laid 14.4 and 22.4 eggs at 20°C and 15.0 and 
23-8 eggs at 25 °C. It is obvious, therefore, that the fecuudit}' of the 
females is increased br- feeding, the difference beiug more marked at 25 "C 
than at 20 °C. This is natural because the necessit};- to make up for loss of 
water and energ}- by feeding is more marked at higher temperatures than 
at low temperatures. In nature it ma}- be assmned that nectar of flowers 
is usually available for feeding and it is very rare that starvation takes 
place. 
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Tabi^B XIV. The fecundity of imcopulated females of M. greeni lefroyi 

fed on honey solution 


Temperature °0 

S. D, 

mm. 1 

Ho. of eggs laid 
per female 

Pre-imaginal 

[ Imaginal • 

Average. 

Maximum 

20 

20 

- 0 

18.55 

42 

25 

25 

0 

12.5 

27 

20 

20 

3 

20.8 

59' 

25 

25 

3 

14.7 

69 


{fv) Infliience of copulation. — It is well known that M. greeni lefroyi 
females lay eggs without copulating also, but the resulting progeny consists 
entirely of males. This is sometimes very helpful for the existence of the 
species, particularly when the females are pre-ponderant. They lay eggs 
without copulating and usually live long enough for the males emerging 
from their own progeny to be ready for normal reproduction. 

The number of eggs laid by females fed on honey but not allowed 
to copulate is much less than (Table XIV) those having normal 
copulation. The virgin females laid only 18.5 and 20.8 eggs at 20°C and 
12.5 and 14.7 eggs at 25°C (under o mm. and 3 mm. S.D. respectively) 
against 29.1 and 55.4 eggs at 20°C and 66 and 67 eggs at 25°C laid by the 
couplated females. 

[c) ■ The oviposition record of an exceptional pair 

An examination of Table XII, in which results of experiments on the 
fecundity of the parasite at various constant and variable temperatures 
under different S.D. are presented, shows that the maximum number of 
eggs laid by a parasite under these conditions was 159. A few pairs 
reared from material at 25®C and 14 mm. S.D. were transferred to 20°C 
during adult life and the number of eggs laid by them was noted. All these 
pairs were supplied with prepupae of Earias spp. for oviposition. One of 
these pairs, which emerged on 31st of August 1940, laid an exceptionally 
large number of eggs as shown in Table XV. It will be seen that the 
female started la^dng eggs on 7-ix-i940 and continued to do so during the 
five months from September to January 1941. It laid a total number of 
589 eggs and lived for 168 days, thereby setting up a record bothffor ovi- 
position and longevity. During the course of the life of the female 12 males 
were supplied. This indicates the maximum capacity of the parasite for 
egg-laying, which manifests itself under most favourable conditions of 
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temperature, humidity, food, etc. This experiment also shows the possi- 
bility of females emerging in nature in September and October being able 
to successfully live-upto February and March, when the host again becomes 
active after winter. 

It is also noteworthy that this female laid- all its eggs on prepupse 
of Earias spj), enclosed in their silken cocoons. 

{d) The reprodticUve potential 

The effective reproductive potential of M, greeni lefroyi under different 
conditions of temperature and humidity is shown in Table XVI. Figures 
for viabilities of the various immature stages are reproduced from our 
previous paper [op. cit.). It will be observed that the maximum reproduc- 
tive potential {21.5) was obtained when the individuals passed their pre- 
imaginal life at 25°C and 3 mm. S.D. and were then transferred to i6°C 
during the adult life. At a constant temperature of 25 °C, the reproductive 
potential was almost the same 21 under o mm. and '3 mm. S.D. A.S.D. of 14 
mm. even at the o|)timum temperature of 25 markedly lowered the re- 
productive potential (3.7). At 30°C, the reproductive potential was fairly 
high, being 17.3 and 14.5 under o mm. and. 3 mm. S.D, respectively. It 
is further clear that the species could not exist at a constant temperature 
of 35°C. The reproductive potential was lowest when the adults reared 
at 25 °C were transferred to 35 "’C. The species could maintain its existence 
if the pre-imaginal development was under o mm. and 3 mm. S.D. 'but 
would soon become extinct under 14 mm. S.D. The reproductive poten- 
tial at i6°C was 4.25 and 3, under o mm. and 9 mm. S.D. respectively. 
Thus low temperatures are far less injurious to the parasite than high 
temperatures. 

V. The eong-Evity oe Microhracon greeni lefroyi aduets 

The average life of an adult under Surat (Bombay) conditions was 
recorded by Deshpande and Nadkarny to be 11-31 da3^s and the maximum 
life as much as two months during winter. These authors also performed 
some experiments on longevity under roughly controlled conditions of 
temperature and found that tie average life of the adults fed on honey 
solution was 44 days at 48°-54°F, 38 days at 6o®-64‘'F., 31 days at 
64°-68°F., and 14 days at 70°-76°F. In these experiments the 
humidity was not controlled and environmental conditions which prevailed 
during the pre-imaginal life of these adults are not mentioned. In our 
experiments both the temperature and humidity were controlled and 
adults with pre-imaginal life under known conditions of environment were 
used. 


15 
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(a) Inji%ience of temperature . 

In order to distinguish between the effect of pre-imaginal and imaginal 
temperatures on the longevity of adults, the results of exj)eriments under 
constant and variable temperatures are discussed sej)arately. 

[i) Infltience of constant temperatures. — The average longevity of 
copulating adults fed on honey solution which passed their pre-imaginal 
and imaginal periods at the same temperatures of 16°, 20°; 25°, 30° and 
35°C (under o mm. S.D.) was 44.2, 15, 14.2, 13.6 and 2.8 days (Table XVII). 
The maximum duration of life under these conditions was 72, 38, 31, 27 
and 4 days respectively. From these figures it will be observed that while 
a low temperature of i6°C was extremely favourable for adult life, a high 
temperature of 35 °C was markedly injurious. Between 20° to 30 ""C both 
the average and maximum figures show little variation. An examination 
of the longevity of the two sexes shows that the females invariably lived 
longer than the males at all the temperatures tried. Thus at constant 
temperatures of 16°, 20°, 25°, 30°' and 35''C (under o mm. S.D.), the 
females lived an average life of 55, 17.3, 15.2, 15.0 and 3 days respectively 
against males with an average life of 33. 5^ ii.5> H-O and 2.7 days 

under the same conditions. 

{ii) Influence of variable temperahires. — ^In these experiments adults 
emerging from material reared at 25°C were transferred to 16° or 35°C 
and those reared from material at i6°C were transferred to 25 °C during 
the adult life. An examination of the data in Table XVII will indicate 
that while at a constant temperature of 35 ""C the average longevity (under 
o mm. S.D.) was 2.8 days, parasites with pre-imaginal life at 25°C and 
and the adult life at 35 °C lived on the average for 4.6 days. The in- 
crease in longevity is not well marked indicating that a high 
temperature of 35 °C prevaihng only during the imaginal life is 
fairly injurious to the parasite. The average longevity of parasites 
transferred from 25° to i6°C was 28.4 days i.e,, midway between the 
average longevities of 14.2 and 44.2 days at constant temperatures of .25°C 
and i6°C. However, when the adults were transferred from iG"" to 25°C 
the longevity was markedly reduced. 

[b) I 7 ^fL^lence of humidity 

The data on the longevit}^ of adults which passed their pre-imaginal 
life under saturation deficiencies of o, 3 and 14 mm. is given in Table XVII. 
It wiU be noticed that the average as well as maximum duration of life was 
longest under 3 mm. S.D. For instance at 25°C, the average longevity 
was 14^2, 16.8 and 12,3 days under 0,3 arid 14 mm. S.D., the correspond- 
ing maxima being 31, 36, and 20 days. Furthermore, although the longe- 
vity was reduced both by the rise and fall in S.D., the effect was much 
more marked under dr}^ conditions of 14 mm. S.D. than under a saturated 

“Indian J. Ent., 3 (2)” 


Tabi^B XVII. The 'longevity (in day^) of coptilating pairs o/M. greeiii lefroyi [fed on honey ) at different 

temperatures & S, D, 


^ASimiR Ahmad & C^HULAjiutLAH 



O M 
tflg ■ 

Females 

cd 

CM 

23.5 

14.2 

CO 


13.6 

53.2 

CO 

t-* 

a 

a 

P 

§0^ 

a 

O 

<1 

m 

CD 

Is 

r9 

I— i 

oi 

ijJ 

CO 

I— 1 

10.4 

CD 


11.8 

CO 

D1 

c- 

/{^TAoSuo]; 

mnTnix'oj\r 

o 

CO 

CM 

o 

CM 

o 

r-H 


o 

D1 

CD 

CO 

I-H 

DQ 

iC(^TAoSaot 

oSeioAy 

(Di 

rH’ 

CM 

CM 

CM 

12.3 

t- 


12.7 

rH 

rH 

CO 


JO -oj^ 

eD 

CO 

CM 

CO 

I— 1 

CD 
1— 1 


, CO 
1— 1 

i-H 

CO 

CO 

rH 


O CQ 
to CD 

X 

O 

Females 


27.4 

17.2 

16.3 

CO 

CD 

CD* 

55.6 

CD 

ID 

rH 


I— t CQ 









i 

8)^0 

Males 


23.4 

lO 

CD 

r— 1 

13.7 

CO 

rH 

r-H 

cd 

38.8 

CD 

a 

CO 

P 

i£(^TA9Suo]; 

ninniix'Bj\r 


CO 

lO 

CD 

CO 

<i> 

CO 

lO 

f-H 

CO 

rH 

' CD 

CO 

CO 

m 












iljiAoSnoj 

oS'UJ9Ay 


25.4 

16.8 

ID 

rH 

CO 

CO 

CD 

47.2 

rH 


sjinpT? JO -ojsi 


CM 


CM 

CD 

D1 

1> 

rH 


rH 


M 

fcfi CD 

to 

cS 

a 

uo 

lO 

17.3 

15.2 

15.0 

CO 

1— ( 

ID • 

30.4 

12.8 


OT 










a 

a 

tJO o 

^ " ■ 

Males 

33.5 

13.2 

11.5 

1 

r— I 

t> 

CM* 

rH 

Tii 

TfH 

CD 

CO* 


1 









o 

p 

iCcp:AoSuo]; 

CM 

t- 

CO 

CO 

rH 

CO 



CO 

r-H 

CO 

»D 

rH 

od 


J 










i!(^TA9gU0]; 

og'BJOAy 

44.2 

lO 

r— 1 

TjC 

1—1 

9*81 

CO 

CM* 

o 

28.4 

10.6 


sjinp'B JO -oisi 

r—H 

lo 

r-H 

CM 

lO 

i-H 

r— ( 

D1 

t- 

CM 

CO 
• 1-H 

CD> 

rH 

p 

d 










CD 

1“ 

a 


CO 

r-H 

o 

CM 

ID 

CM 

o 

CO 

ID 

CO 

»D 

CO 

CD 

i-H 

iD 

D1 












M 

1— 

( 









ft 

a 

CD 

H 

S So 

a 

CO 

i-H 

O 

CM 

ID 

CM 

o 

CO 

ID 

CO 

ID 

CM 

ID 

D1 

CD 

iH 


• rH 

1 










♦These observations are at 9 mm. S. D. 
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condition of o mm. S.D. The results are similar in the case of variable 
temperature experiments. The average longevities at ■ various tempera- 
tures were generally highest under 3 mm. S.B., and became shorter when 
the vS.D. deviated from 3 mm. 

(c) Influence of food 

The provision of food in the form of honey solution to the adults 
prolongs their, life considerably. A comparison of the longevity figures 
in Table XVIII shows that average life of fed-parasites was 15-25.4 days 
at 20°C and 14.2-16.8 days at 25°C against 9-10.7 and 4.7-7. 2 days 
respectively in the case of unfed ones. The difference in the maximum 


Tabi,B XVIII. The longevity [days) of fed and unfed adults of M. greeni 
lefroyi at some temperatures and S.D. 


Temperature 

>S. D. 
mm. 

Longevity of adults 
on honey 

Longevity of unfed r 

adults 

Pre-imaginal 

, 1 

Imaginal 

Average 

Maximum 

Average 

4 i 

Maximum | j 

20 

20 

0 

15 

38 


15 



3 

25.4 

53 

9 

20 . .‘j 






10.7 

1 

25 

25 

0 

14.2 

31 


9 M 



3 

16.8 

36 1 

4.7 

15 - ;; j 






7.2 


25 

16 

0 

28.4 

58 


29 L I 



3 

47.2 

•86 

12.9 

49 


1 




21.7 


25 ; 

35 

0 

4.6 

16 


6 • ^ 



3 

6.3 

18 

2.1 

7 






3.6 ^ 



i 

i 


duration of life of fed and unfed parasites under same, conditions of' tem- 
' perature and humidity is stiU greater. Thus, whereas the maximum life 
of fed parasites was 53 and 36 days at constant temperatures of 20° and 
25°C (under 3 mm. S.D.), that of the unfed parasites was- 20 and 15 days 
. under the same conditions. 

[d) Inflttence of copidation 

The data regarding the longevity of copulating adults under different 
conditions have been already presented in Table XVII ; those for adults 
not allowed to copulate are given in Table XIX. A comparison of the 
two tables makes it clear that the adults allowed to copulate lived 
invariably longer than those not allowed to do so. It will be observed 
that the average longevity of copulated adults was 15 and 14.2 days at 
20°C and 25 under o mm. S.D. and 25.4 and 16.8 days at the two 





i'ASKHIR AhjIAD & C5-HULAMULI,AH 


temperatures under 3 mm. S.D. against 12 and 6 days under o mm. S.D. and 
15.2 and 10.3 da^^s under 3 mm. S.D. at tlie respective temperatures in 


Tabpb XIX. The longevity [in days) of uncopiilated adtiUs of M. greeni lefroyi 
fed on honey solution at some temperatures and saturation deficiencies 


Temperature °C 

S. D. 0 mm. 

S. D. 3 mm. 

Pre-imaginal 

Imaginal 

No. of adults 

Average 

longevity 

Maximum 

longevity 

Average longe- 
vity of sexes 

No. of adults 

Average 

longevity 

Maximum , 
longevity 

Average longevity 
of sexes 

Males 

Females 

Males 

Females 

20 

20 

22 

12 

17 

11 

13 

30 

15.2 

1 28 

12.8 

17.7^ 

25 

25 

30 i 

6 

11 

6 

6 

42 

' 10.3 

22 

10.0 

10.6 

35 

35 

32 

2.7 

9 

2.6 

2.75 

26 

2.4 

26 

2.3 

2:5 

25 

16 

i 

24 1 

25.7 

41 

25.5 

26 

36 

32,6 

49 

31.2 

36.6 

25 

35 

24 

5.4 

11 

5.4 . 


26 

4.7 

7 

4.7 ■ 

— 


the case of uncopulated pairs. Dikewise the average and maximum dura- 
tions of life of adults under variable temperature experiments were higher 
in the case of copulating adults. Thus, under almost all conditions tried, 
the copulating adults (both sexes) lived longer than those not allowed 
to copulate. 

\ 

VI, , PreivIminary experiments on the FEASIBIEITY of 
MASS-MUETIPEICATION OF THE PARASITE 

In our previous paper [op. cit.) we emphasized the fact that this 
parasite sedulously avoids ovipositing on exposed larvse of Earias, res- 
tricting its oviposition to well-developed larvae only. Therefore, for 
breeding the parasite, the method hitherto employed consisted of supplying 
the parasite with more or less full-grown larvae inside fresh hhindi pods. 
This is however very cumbersome, particularly when it is desired to. build 
up large material of this parasite. Some of the difficulties and methods 
for overcoming these are dealt with below : 

[a) Diffimlties in the mass-miiUipUcation of the parasite. 

There are several difficulties involved in the mass-rearing of the 
parasite. The more important of these are : 
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{i) The food of the bollworms must always enclose the larvae, as 
naked larvse- are not accepted by the parasite. Fresh vegetable matter 
being the only suitable food of the larvae of Earias, it has to be changed 
very frequently in the dishes, particularly at high temperatures where it 
rapidly decays and attracts various kinds of fungi and bacteria. This 
frequent changing of food just to provide the necessary cover for the larvae 
which are otherwise quite suitable for oviposition for several days, involves 
a considerable amount of manual work. 

{ii) Earias.loxv^ are not available in large numbers at certain 
times of the year and unless special cultures are artificially maintained 
at suitable temperatures, the experimental work is interrupted for long 
intervals. 

{Hi) As only well-developed Earias larvae are accepted for ovi- 
position and there is no real hibernation in this species, .the suitable stage 
for parasitisation is available only for a short time. Furthermore as a 
result of this, it is also not feasible to collect large • numbers of bollworms 
when in plenty and ' store ' them under suitable conditions of temperature 
for period of scarcity. 

{iv) No alternate host was yet known which could be acceptable 
to the parasite as readity as the Earias larvae and thus act as a substitute, 
when the latter was scarce in nature. 

Several attempts were made to overcome these difficulties and the 
results achieved so far are given in the following account: 

(6) Snitahility of the preptipal stage of Earias spp. for parasitisation 

When Earias larvae are full-grown, they often leave the fruit, find 
out a suitable corner in the rearing dish and start spinning cocoons. The 
completion of cocoon takes several days and the transformation into pupa 
takes yet a few more days. During this 'stage, called the prepupal stage, 
the larva requires no food and is covered with the silken cover of its cocoon. 
This stage lasts for about 7-10 days at i6°C and correspondingly less at 
higher temperatures. It was discovered during the present investigation, that 
the parasite readily accepted such larvae for oviposition. The cover of 
the cocoon satisfied the instinct of the parasite to puncture through a la^^er 
before ovipositing and thus so many difficulties involved in the provision 
of fresh plant food were done away with. In practice, full-grown larvae 
near spinning were liberated in the experimental dishes. Within 24 hours 
or so they prepared a thin covering when the parasite was introduced for 
oviposition. The hosts remained suitable for parasitisation for several 
days and it was not necessar}’' to do an3rfching further for at least a week or 
so. By this time the majority of the larvae were parasitised and the re- 
maining ]3Upated ; therefore, the parasite pair was removed from this dish 
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and introduced into another cage prepared in the same manner. vSeveral 
parasites were thus reared from the prepupal stage of the host without 
much difti cult],-. The number of eggs laid b3' the parasite on this stage 
of the host was not in am- wa}^ below normal. .In fact the maximum 
number of eggs (589) laid b}^ a single female so far, was recorded when the 
host was ofiered in the prepupal stage (Table X\^). 

(c) LarvcB of the pink hollworm, Plat^-edra gossypiella as 
an alternate host 

It is already known that lan’se of PlaJyedra gossypiella (Saund) are 
sometimes parasitised by Microhracon greeni' lefroyi (Fletcher and Misra, 
1919 ) but the economic significance of this record had not been appre- 
ciated so far. During the year 1939, the incidence of the pink-boUworm 
was ver}^ high in the cotton fields of the Imperial Agricultural Research 
Institute, Nevv Delhi ; the spotted bollworms were on the other hand 
ver}" rare. In the course of examination of damaged bolls of cotton, it 
was discovered that the pink -bollworms were parasitised b}’ Micro- 
hracon greeni lefroyi to a fairty large extent. Full grown larvae of this 
host enclosed in bhindi pods were offered to the parasite in the laboratory 
and the latter took to them ver^- well. The larvse were freely paralysed 
and eggs laid on their bod}^ as readily as on Earias larv^. The parasite 
grubs fed ver^^ weU on this host and developed' into adults in the 
normal period. 

It is v'ell known that the pink-boUworm regular^ hibernates in the 
lari'al stage (the long-cycle phase) as soon as cotton matures and dry 
conditions prevail. Under most of North Indian conditions the larvae 
begin to enter into long cycle phase towards the end of autumn and the 
entire winter, spring and early summer are passed in the larval stage inside 
hoUow seeds of cotton usuaU}^ joined together and called ' double-seeds k 
From October onwards these lar\'^ are thus available in large numbers 
both in the mature boUs and in double seeds of cotton available from the 
ginning factories throughout winter and can be easily utilised for mass- 
multiplication of the parasite particular^ during the period when the 
normal host Earias spp. is scarce. 

{d) Storing of parasites at low temperatures 

It is often noticed that the parasite is abundant in the field during 
autumn, soon after the monsoon rains are over. Thereafter in autumn, 
it dufindles down in numbers, till it becomes very scarce during the ensuing 
spring. In order to be able to tide over long periods of unfavourable 
field conditions, experiments were conducted to explore the jDOSsibhities 
of storing the parasite at suitable low temperatures. After several pre- 
liminarv- experiments temperatures close to the threshold of development, 
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viz,, I3°-i 6°C were found most suitable. Temperatures lower than this 
when prevailing for long periods were injurious to the species and caused 
high niortalit33 temperatures higher than this induced active metabolism, 
thereb3^ reducing the pre-imaginal as well as imaginal lives. 

During the autumn of 1938, parasite material was abundant in nature. 
Both immature and adult parasites were collected and kept at i3°-i6°C. 
The adults were fed regularly on honey solution. -From the data presented 
in Table XX it will be observed that the average longevity of males was 
33-49 days and of females 45-73 da^^s. The maximum durations of life 


Tabie XX. Some data on the safe storing of M. greeni lefroyi for a long 
period at low temperatures 


Incubation and 
larval periods • 
at 

Pupal 
period 
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The pupal period was passed partly at 13°C (22.x to 20.xi) and partly at 16°C 
(21. xi to date of emergence). 


were 79 and in days respectively. Some of these females kept for over 
3 months, copulated . and laid a small number of eggs when brought to 
a suitable temperature. -These experiments indicate the possibilities of 
collecting the parasite when abundant and successfully storing it for over 
four months to pass over unfavourable conditions of environment. 

[e) Advantages of improved technique 

The results so far obtained with experiments designed to overcome 
the difficulties involved in the large scale rearing of the parasite may be 
summarised as follows, : — 

[i) The necessity of constantly supplying fresh cotton bolls to the 
host larvae in order to get oviposition by the parasite which lay^s eggs only 
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on covered larvae, has been avoided. The full-grown host larvae after 
spinning the cocoon but before transforming into pupa are read% accepted 
b3^ the parasite for oviposition. This discover}- will help a long way to 
prepare and offer large amount of suitable host material for the rearing 
of the parasite without its vegetative cover which was hitherto considered 
necessary. 

(if) The fact that the pink-bollworms have been found to be fairly 
readily acceptable to the parasite for oviposition solves the problem of the 
scarcit}' of host. Earias larvae are not available throughout the year 
particularly in the well-developed stage in which they are normally para- 
sitised, In pink bollworm we have -an alternate host which is available 
in large quantities during winter, which can be easily collected from 
vSeptember onwards and stored in a hibernating condition for several months. 

(m) A temperature of has been found to be quite suitable 

for keeping the parasite material in a viable state for over three months. 
It would be now feasible to collect the parasite in November when 
it is usually common and utilise it in next spring when it becomes very 
scarce in nature. ■ 

VII. Host-parasitb interaction 

We have discussed the influence of various factors of environment 
on the fecundit}- and longevity of host and parasite separately. We will 
now consider their influence on the comparative rates of reproduction 
and multiplication of the two and their interactions. 

[a) Influence of temperature 

[i) Fecundity . — ^From a comparison of Tables IV and XII it will be 
noticed that at a temperature of i6°C, which is very close to the threshold 
of both the host and parasite, the fecundity of the host was immensely 
depressed, being only 11.5% of f'ts average fecundit}^ at 25 °C ; that of the 
parasite, on the other hand, was proportionately less affected, remaining 
about 27.5% of its fecundity at 25°C. It may thus be concluded that 
low temperatures affect the fecundity of the host more than that of the 
parasite. 

The optimum range of temperature for egg-laying lies between 25° 
and 30°C for the host as well as the parasite ; a temperature of 25 °C being 
best for the both. Thereafter, the rise of temperature affects the fectmdity 
of the parasite more injuriously than that of the host. With regard to 
the upper limit of temperature, whereas the host continued laying some 
eggs up to 35 °C the parasite became completely sterile at this temperature. 
These observations go to show that high temperatures in the neighbourhood 
' of 35 are more injurious to the parasite than to the host, thus confirming 
our findings on the rate of development previously reported. 
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under a saturated atmosphere, and that of the parasite under rather dry 
conditions (i4nim. S.D.). The reproductive potential of the host (Table 
IV) showed little variation under different conditions of saturation defici- 
encies at 25 °C ; 'but at 30 °C, it distinctly rose as the conditions grew 
drier ; that of the parasite (Table XVI) on the other hand was maximum 
under 3 mm. S.D. at 20°C, under 0-3 mm. S.D. at 25°C, and under o mm. 
S.D. at 30°C. Thus on the whole moist conditions are more favourable 
to the parasite than to the host. 

(n) Longevity of adnlts. — From a reference to Tables VII and XVII 
it will be found that the adults of host as well as parasite emerging from 
material reared under 3 mm. S.D. were comparatively longer lived at 
various constant temperatures than those reared under o mm. or 14 mm. 
S.D. In variable temperature experiments, however, a saturated atm os- 
j)here distinct^ shortened the life of host adults but not so that of the 
parasite adults. 

VIII. C0MPARATI\rE INCIDENCE OF HOST AND PARASITE IN THE 
FIEED- IN REEATION TO ENWIRONMENTAE FACTORS 

In order to test the validity of the conclusions derived from laboratory 
exjperiments, weekly incidence of Earias fahia and insnlana and their 

site Microbracon greeni lefroyi was determined in the cotton fields at Delhi 
from Ma^^ to December during 1939 and 1940 and correlated with rainfall and 
temperature. A weekly examination of 300-500 buds and bolls collected 
from amumber of cotton plants was carried out and the number of attacked 
buds and bolls was recorded. In the same manner, the number of healthy 
and parasitised boUworms recovered from this material as well as from 
shed buds and boUs was determined to find the incidence of M. greeni 
lefroyi. The data thus collected are graphically plotted along with weekly 
rainfall and weekty mean maximum temperatures in Fig. i. 

A study of the incidence curves of the host and parasite for the two 
years shows that during Ma3^ and June, which were the hottest and driest 
months at Delhi, the incidence of bollworms remained high, while that of 
the parasite was extremely low. The mean niaximum temperature during 
this period was generally above ioo°F sometimes reaching as high as .110 ""F. 
This coupled with practically no rain during this period produced conditions 
injurious to the parasite and favourable to the host. With the first showers 
of rain towards the end of June and the consequent rise in relative humidity 
and fall in temperature, the incidence of the parasite shot up and that of 
the host gradually decreased. Even with about a quarter inch of rainfall 
ill the first week of June 1940, the incidence of the host decreased from 
27% to about 12% in the second week of June. 

During Juty and August there had been good and well spread rains. 
On account of its rapid develoj)ment under favourable conditions of mild 
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temperature and high humidity, the parasite reached its maximum activity 
(36-40% parasitisation) about the end of July in both the years. Con- 
sequently the host was at its lowest (2-4% incidence) during this period. 
However, later in August, it vnU be noticed that the incidence of the para- 
site began to decline. This seems to be the natural outcome of the exhaus- 
tion of its own food, viz., the host larvae, brought about by high parasiti- 
sation on the one hand, and high humidity unfavourable to the development 
of the boUworm on the other hand. But the fall in the incidence of the 
j)arasite durmg the August of two years is somewhat different. In 1939 
August, the rainfall was comparatively less, so that the host was not com- 
pletel3^ wiped out and food was available in fair quantity for the parasite. 
Thus the incidence of the parasite did not decline below 20%. In 1940 
August, the rainfall was more and better spread out, thus almost com- 
pletety hampering the development of the host and so annihilating it 
that the parasite poj)ulation immensely declined for want of food. 

During September the rainfall declined considerably but more so in 
1940 than in 1939. Thus during 1939 September, owing to comparatively 
better rainfall, the incidence of host remained low ; with the cessation of 
rains in October it increased till it reached about 16% in the middle of 
November. The parasite on the other hand, although immensely fluctuat- 
ing from time to time, remained fairly abundant and on the whole steadily 
decreased as the dry season approached. In 1940, from September onwards 
the host incidence declined first and then rose again in November. The 
parasite during this period, although not as abundant as in 1939, closely 
followed the host and kept it weU imder control. During November there 
is usuall}' a fresh flush of green buds on’ cotton crop at Delhi, which probably 
accoimts for the tendency on the part of the host to increase at this time. 
It will, be noticed that on the whole, the nature of incidence curves of the 
host and parasite is similar during 1939 and 1940. Thus, although the 
pest was fairty common in the early stage of the cotton crop, due to 
good and weU spread rains, the parasite soon i)redominated and kept the 
host weU under check during the most critical part of the crop's grovbh. 
Therefore, the spotted bollworms did not assume any serious status during 
the two 3^ears under discussion. 

These observations in the field go a long way to confirm our labora- 
tory findings that the beneficial effect of rains in controUing the spotted 
boUworms is due to the lowering of temperature which is beneficial to the 
development and multiphcation of the parasite and raising the humidity 
which is injurious to the host. 

IX. Conclusions and vStobiary 

This is the second contribution of a series . of critical ecological 
investigations on the cotton boUworm, Edticis fcibici and its parasite 
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Microbracon greeni lefroyi. In the first paper (Ahmad and Ghnlam- 
ullah, 1939) we dealt with the rates of development and viability of the 
pre-imaginal stages of the host and parasite under different conditions of 
temperature and humidity ; in the present contribution data on the 
fecundity and longevity of adults of the two under different conditions are 
presented. A short account of their incidence in nature in relation to 
weather conditions is also appended. 

At a low temperature close to the threshold, e.g., ib^’C, the fecundity 
of both the host and parasite is reduced, but it is noteworthy that the 
fecundity .of the host is much more affected than that of the parasite. The 
reproductive potential of the host is barely i.o against about 4 for that 
of the parasite. Thus, whereas the parasite can easily maintain itself and 
multiply at a continuous temperature of i6°C, the host cannot. This con- 
firms our previous observation that contrary to the common belief, low 
temperatures are more injurious to the host than to the parasite. Between 
20° to 30 °C, the reproductive potential of the parasite is roughly double 
that of the host. The host possesses maximum reproductive power at 
the parasite at 25 °C. With regard to upper limit, the host continues' 
laying some eggs up to 35 °C, while the parasite becomes completely sterile. 
vSimilarly if a temperature of 35 °C prevails during a part of the insect's 
life, viz., pre-imaginal or imaginal period only, the disparity in the fecundity 
of the host usual at a continuous temperature of 35°C is practically removed 
and it la^^s almost normal number of eggs but that of' the parasite is only 
slightly removed. These observations again confirm the previous finding 
that high temperatures are more injurious to the parasite than to the host. 

It has not been possible to control the humidity conditions during 
the adult life, but the pre-imaginal stages of the host and parasite reared 
under different conditions of saturation deficiencies produced significant 
effect on the reproductive power of the resulting adults. At the optimum 
range of temperature viz., 25° to 30°C, the fecundity of the host is distinctly 
lowered if they are bred from material under saturated conditions, that of 
the parasite is reduced when they are reared from material under rather 
dry conditions (14 mm. vS.D.). Thus the reproductive potential of the 
parasite adults is usually maximum when they are bred from material kept 
under more or less moist conditions of 0-3 mm. vS.D. This sujDports the 
conclusion already arrived at, that moist conditions are generally more 
favourable to the parasite than to the host. 

The longevity of parasite adults is more than double that of the host 
adults at a low temperature of i6''C. Between 20° and 30°C the adults 
of both live for about a fortnight or so. At 35 °C the host adults -live for 
over four days while the parasite dies within 2-3 da3^s.. Here again the 
more favourable efthct of low temperatures and more injurious influence 
of high temperatures on the parasite, as compared to the host are obvious. 
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The females of both the species live longer than their respective males. 

In order to test the validit}^ of these laboratory conclusions in the 
held, the incidence of Earias spp. and Microbracon greeni lefroyi was deter- 
mined b}’ weekly examination of cotton buds and bolls in the cotton fields 
of the Imperial Agricultural Research Institute, Hew Delhi, during 1939 and 
1940. The data thus collected for two 3'ears have been graphical^ plotted 
and correlated with temperature and rainfall. In both the 3' ears it has been 
noticed that vith the first shower of rain, the parasitisation of the bollworms 
began to increase. Thereafter, as the rains were well spread throughout 
summer and the temperatures remained moderate, the parasite. continued 
to be active with the result that the pest did not become serious. 

These observations in the field lend considerable evidence to support 
the laborator3'' conclusions that rains in summer help in controlling the pest 
b3' lowering the temperature which is beneficial to the parasite and raising 
the humidit3^ which is injurious to the host. 
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I. Introduction 

How often has the desert locust {Schistocerca gregaria Forsk.) invaded 
India and since when has it devastated the vegetation of this ' continent 7 
It is not possible to answer this question, because Schistocerca gregaria is 
certainly more ancient than man. If Eg^^ptian ' history provides a clue 
India must have suffered from locust attack long before mankind inhabited 
it. It was but ‘ yesterday ' that reports about locust visitations began to 
find place in government records. On the basis of the information available, 
since 1843 swarms of desert locust have swept over parts of this country 
during the following years : 1843, 1863-66, 1869-73, 1876-80, 1889-94, 
1899-1907, 1913-1917 and 1926-1931. Unfortunately these records are 
merely of historical importance, as they do not throw much light, on any 
of the numerous problems involved in locust study. This is not surprising 
when one considers that even the records of the last visitation — 1926-1931 — 
are not complete. There are serious gaps and in many cases the infor- 
mation recorded is obviousty incorrect. While Baluchistan, Sind, States 


^For detailed information reference may be made to: — “Data on the movements and activi- 
ties of swarms of the desert locust, Schistocerca gregaria in the Northern and Central Parts of 
India” Part 11, compiled the staff of the Locust Research Entomologist, Lyallpur ; Govern- 
ment of the Publication, Calcutta, 1940. 
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of western India, Rajputana, the Punjab, the North-West frontier 
Province, the United Provinces and certain parts of the Central Provinces 
and Behar and Orissa suffered the most. Central India, Boniba}^ Pl3^clerabad, 
(Deccan), Bengal and Assam were also invaded towards the end of the 
cycle in 1930. 

Although the swarming activit}^ diminished and gradually ceased 
after 1931 we are aware that individuals of the ' solitary phase ' are always 
present in the so-called 'permanent breeding grounds', southern Baluchis- 

tan, some parts of Sind, Rajputana, Bahawalpur and Dera Ghazi Khan (a 
south-western- district of the Punjab). The locust population may increase 
considerabty, as the climatic conditions become favourable and they may 
assume dangerous proportions again. We must alwa^^s keep ourselves 
prepared for the combat. Therefore an account of the last visitation 
will not be without useful lessons. We need answer to wherefrom and 
under what circumstances locusts usually migrate ; how they spread over 
the various parts of the countr}^ ; what are the regions the^^ can breed in ; 
what are the limits, if an^^- of the actual spread of the swarms ; which 
routes they follow to reach the various tracts ; where do they become very 
serious ; and how do they respond to the different climatic and weather 
conditions they meet with? A study of the records of the last locust 
visitations may not furnish adequate answers to all these questions, but 
will enable us to understand the problem in its various aspects during the 
cycle which has recently started. Keeping this in view the record has 
been thoroughly analysed and the information mapped, using the Inter- 
national s3^mbols (International Uocust Conference 1932). 

It may, 'however, be made clear that it is not implied that locusts, 
reappearing in India, will rigidly follow the route taken b}^ the swarms in 
1926-31 and would not trespass the limits of their regional activity. • Still, 
the data will furnish general and broad indications regarding their probable 
routes in the country. Thus, timety warnings could be given to the areas 
concerned and the arduous ta’sk of locust campaign made easier and success- 
ful. - . • 

This study was carried out under the Uocust Research Scheme, 
financed by the Imperial Council of Agricultural Research, India. My 
thanks are due to the Council for their generosity. I am also thankful to 
Rao Bahadur Y. Ramachandra Rao, Tocust Research Entomologist, 
Karachi and to Government Entomologist, United Proyinces, for lending 
us. certain records. I acknowledge the help given to me by my Assistants, 
Mr. C. B. Mathur and Mr. Abdul Haq, in compiling the data presented in 
this report. 


♦This has actually happened. . 


287 


Studies on Schistocerca Gregaria Forsk 

II. Source:s or Error 

During a locust invasion all those entrusted with the control and 
destruction of the pest are as a rule so overworked, that they find very 
little time to record and study even important facts. Errors arise 
generally from the following sources : • 

(1) Absence of reports. — hack of reports of locust visitations is by 
far the greatest stumbling block in preparing a connected accouiit of locust 
flight, breeding, etc. It will, not be an exaggeration to say that the reports 
received represent but a small fraction of the stupendous locust activity. 
Therefore, in order to obtain a more or less connected view of things, one 
has to fill ill blanks. For instance, a swarm was reported to have visited 
Chamba (Punjab) on 7th and 8th October, 1931, but about the same time 
no swarm w^as reported from adjoining districts. Chamba being surrounded 
by high hills, this swarm must have come from outside. In the previous 
week (29th September, 1931) a swarm was rejported from Gurdaspur (Pun- 
jab) and if it was the -same swarm w^hich later visited Chamba, it is 
not known as to what places the swarm visited between 29th September 
and 7th October. N.or is the peryious history of the swarms which visited 
Gurdaspur certain. Again a sw^’arm that jiassed over Sheikhupura on 
i6th July, 1931 and Eyallpur and Fahore on the 17th is not linked with 
any other swarm, no locust visitation having been reported from, any 
of the districts adjoinmg the above-mentioned three districts. 

For the United Provinces the . record of 1927 is very incomf)lete. 
Focust swarms, were reported to have reached Naanital on 25th June, 1927. 
After a few da^ys (28th June) swarms appeared in Muzaffarpur (Bihar). 
No reports of locust visitations from the intervening long stretch of land 
are on record for the same period. This swarming could not have been 
local and, therefore, the locusts must have transversed, though unrecorded, 
the intervening region. ‘ ' 

(2) Incomplete Incompleteness of reports is another source 

of error. In most cases ivhere hopi^ers were reported their stages were 
only rarely mentioned. ' In such cases it is difiicult to sa}^ from ivhich group 
of eggs, laid earlier in that locality, did the hoppers hatch out or w^hich 
swarm of fliers, reported later, did they give rise to. . 

Similarly, the colour of fliers was seldom reported,- which is so 
important for determining the stage of maturity. 

(3) Incorrect reports. — Most of the reports were sent in by patwaris, 
who do not of ten realise, the imj)ortance of the problem. Quite often reports, 
evidently incorrect, were sent in and it is not always possible to determine 
the truth, the event having passed off without leaving a trace. Not infre- 
quently ordinary grasshoppers, occurring in. large numbers, have been 
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confused with the desert locust. Dragon-flies and ma3--flies and even 
swarms of small birds have been mistaken for locust swarms. 

The direction of flight of swarms is r-ery frequently misjudged, and 
mvariabh" either the direction of arrival or the direction of departure only 
is given. Oriposition reports are often unreliable. Sometimes the mere 
setthng down of locusts has been considered enough to justify a report of 
oviposition. It is on account of such mistakes that we hav’e records of 
, oviposition, while actuall}’ no oviposition occurred? 

^ Sometimes enthusiastic workers on control duty, with a view to take 
credit for good work, report complete destruction, while it is far from it. 
Thus a large number of survivdng individuals remain unreported. 

III. DoCUST SITU.V.TION PRIOR TO I926 

In 1922, swarms of the desert locust were reported from the Dera 
Ghazi Khan district (Punjab) along the vv^est bank of the Indus. (Afzal 
Husain, 1929, 1931) In the summer of 1923, locust swarms were reported 
to have visited Oimara (Rao, 1933). During April, May and November 
1924 swarms of fliers and in May swarms of hoppers appeared in Kalat 
btate. Agam in_ Kalat, as also in Sibi, swarms of fliers were noticed in 
June 1925. During the same j^ear, swarms were reported from Dera 
Ghazi Sian ^strict also. This important, though admittedly meagre 
information clearly shows that for several years prior to 1926, locusts 
were actively multiplymg in some parts of their permanent or semi-perma- 

Wd^ig 

IV. Docust situation in 1926 (Plate II) 

tV Montgomery in the Punjab and as far south as 
. The oviposition area was more or less restricted to the 
permanent breeding grounds. 
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ber and December and in Chagai (north Baluchistan) during December. 
During this period locust breeding was not recorded. Regarding the source 
of Doralai-swarms, the Baluchistan Agricultural Diaries dated December 
-' v 1926, observe : ‘‘ The swarms visiting Roralai appear to have their origin 

in the neighbourhood of Dera Ghazi Khan (Punjab)^'. This observation 
finds support in the fact that incipient swarming occurred in the Indus 
valley in Dera Ghazi Khan District in 1925 (Afzal Husain, 1929-1931). 
It may be mentioned that locusts of the solitary j)hase have been found 
breeding in this region from 1931 onwards, giving support to the view that 
Dera Ghazi Khan is a permanent breeding ground and thus a source of 
^ " swarming. During December 1926, • swarms of fliers, visited Toralai 

(Baluchistan), as well as some south-western districts of the Punjab. These 
swarms undoubtedly were of Sind-Baluchistan origin. 

Winged locusts were present in the Karachi district from vSeptember 
, to December, in the Hyderabad district (Sind) from October to December 
and in the Nawabshah during November 1926. Hoppers w^ere actually 
noticed near the river Hub (Karachi) in November 1926, showing that 
adults had laid eggs in this locality sometime in vSeptember. In Thar- 
parkar district (Sind) hoppers hatched out by the end of August, from the 
eggs that must have been laid in the beginning of the month. Phirthej 
ovipositions were recorded about the end of August and during September 
and hoppers ‘ appeared in very large numbers in October. Pink adults 
were observed flying from east to west during October and November. 


In August 1926, locusts swarmed from the west into the Mallani area 
(Jodhpur state) adjoining the Tharparkar district (vSind) and extensive 
breeding took place in August and September. 

The first swarm of this locust-cycle in the States of western 
India was reported on ist of November, having entered Palanj)ur from the 
South. This was followed by another swarm of pink locusts on. the 30th 
November in Halar (Kathiawar). During December a number of swarms, 
moving in different directions, were observed in Palanpur, Jhalaw^ar, Halar 
and Sorath. One of these swarms that visited Halar on 4th December 
consisted of pink adults. 

The first locust swarm invaded the Punjab on i6th of December 1926, 
entering the Rajanpur tehsil (Dera Ghazi Khan district), in the extreme 
south-western corner, from the south-western direction. Swarms visited 
the four tehsils of the district on different dates : — 


Rajanpur (south-western tehsil) 
Jampur (north of Rajanpur) 

Dera Ghazi Khan (north of Jampur) 
Sangarh (northern tehsil) 


on. i6th and 17th December. 

on i8th and 19th December. 

on 19th December. 

on 22, 23 and 24th December. 

‘‘Indian J. Ent., 3 (2)” 

















M. Afzai, Hosain 

Thus, the swarms travelled from south to north. A portion of 
these swarms visited some of the tehsils of Muzaffargarh district, and locust 
swarms were reported on the 20th and 22nd December from AUpur, on 
24th from Kot Adu and on 24th and 25th from Muzaffargarh. The direc- 
tion of flight of these swarms was from south-west to north-east. 

Multan was first visited on 21st of December from north-east, again 
on the 23rd from west and then on 24th December from east. The 
Mianwali district' (north of Dera Ghazi Khan) was invaded from the south 
from 22nd to 28th December. A swarm visited Okara (Montgomery 
district) on the 28th December. The direction from which the swarm 
entered the Montgomer}?^ district is not known ; it is very likely that it 
came from the Multan distiict where locusts were active about this time. 

V. Tocust situation in 1927 (Plate III) 

' January , — The end of 1926 witnessed general activity 

During- January 1927, over- wintering swarms were recorded from 
Baluchistan, Sind, States of Western India, Jodhpur (Rajputana) and the 
western Punjab. In Baluchistan they were reported from Mekran, Chagai, 
.Quetta, Sibi, Ediaran, Jhalawar and Lasbela. Tn Chagai the swarms 
evident^ came from west (most probabty from the adjoining tracts of Iran) 
and passed on. towards east on the 4th January. It is very probable that 
the swarms appearing in Quetta had also a similar origin. The swarms 
which visited Tasbela on 9th and loth January came from the west and 
most probably gathered from Mekran. They passed on to Karachi. 
During the last .week of January, a swarm was recorded in Sibi on 27th 
and another from Mekran on 31st January. Thus it seems that the 
swarms having emigrated, there was little locust activity in Baluchistan. 

In Sind, fliers were recorded Ms-maging the rabi crops in Karachi, 
■Il3Merabad, Tharparkar and Nawabshah districts. In the States of 
Western India and Jodhpur they remained throughout the month. 

In the western half of the Punjab, swarms were actively flying about 
throughout January.- After effecting an entry through Dera Ghazi Khan 
in December, 1926, the fliers made their way towards north and east into 
the interior of the province and spread in a fan-like fashion over the Punjab. 
Broadly speaking, the swarms migrated in the north-eastern direction 
up to the Indus and its tributaries. By the end of the month they had 
reached as far north-east as Jhelum, Gujrat and Sialkot, and as far east 
as Gurdaspur, Sheikhupura and Rahore. Thus during January 1927, 
no locusts had been reported from Attock and Rawalpindi on the extreme 
north and from Amritsar, Jullundur, Hoshiarpur, etc., on the east. 

It is interesting to note that during the month and a half {i.e., from 
the middle of December to end of January) that the locust fliers had been 
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invading the province, the south-eastern Punjab remained free, except 
the Gurgaon district, which was visited during the last week of January. 
This visit must be considered as an independent invasion from the adjoining 
tract of Rajputana. Unfortunately no information is available from this 
locality. Another interesting feature of the locust movements was that 
the Dera Ghazi EJian and Muzaffargarh districts remained practically free 
of locust during January ; only one swarm being reported from the latter 
district, on 17th January, which probably came back from Multan, where, 
for the first time in the month a swarm was reported to be flying from east 
to north on the i6th. Although no fliers were seen in Muzaffargarh during 
the second fortnight of January, they were present all this time throughout 
the Multan district. Thus locust migration from Baluchistan and vSind 
into the south-west Punjab, which started in December ceased by the end 
of January. There was no breeding during the month of January. 

There was no report of the presence of locust in the United Provinces. 

Fehruary . — On the 5th February a swarm flying from west to east 
was observed over Chagai and several yellow as well as pink swarms also 
moving in that direction were observed in Kalat. In Uoralai, Sibi and 
Jhalawar (Baluchistan) swarms were present practically throughout the 
month, but there was no breeding. ' . 

In Sind the fliers were recorded from Karachi and upper vSind-frontier 
on the 1st February and were also present in Hyderabad and Nawabshah. 

In the Punjab, a fresh swarm entered D. G. Khan"^ on ist of February 
from upper Sind-frontier area. It was probably this. swarm that visited 
Muzaffargarh district from south-west on the 3rd of the month. The swarm 
that visited D. G. Khan on the 23th of February appears to have come 
from Uoralai (Baluchistan). The intensity of locust infestation in February, 
1927 was about the same as during the previous month. The region of 
activity had, however, changed. The swarms cleared out of Multan, 
Mianwah, Gurdaspur and Sheikhupura districts, and invaded Rawalpindi 
and Attock and remained there for a fairly long period. In the north 
the fliers spread out from Rawalpindi to Hazara in the North-West Frontier 
Province. ' The desert locust was active in eastern and south-eastern 
Punjab also. vSwarms were recorded on 21st in Karnal and from 23rd- 
28th in Ambala. At Ambala damage was done and probably eggs were laid 
at the end of the month, as large numbers of hoppers hatched out about 
the 2ist of March. No swarms had been reported from other districts 
but it appears that the above-mentioned swarms that were reported from 
Karnal and Ambala came through Gurgaon and Rohtak, but remained 
unrecorded. 


G. Khan — ^Dera Ghazi Khan. 
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From the States of Western India a swarm was reported from Jhalawar’ 
on the 15th of Februar3^ 

During this month eggs were laid only in Kalat probably Mekran, 
Chagai and Kachi tracts of Baluchistan, although swarms were present 
in Sind, vStates of Western India, Punjab and N. W, F. Province.^- The 
onW exception is Ambala district, where, as stated above, fairly heavy 
oviposition must have occurred. The first record of oviposition is dated 
2ist of February in Kalat. In Chagai and Kachi oviposition was recorded 
on 23rd and 2Sth Februar}^ respectively. Eggs which were laid in Ambala 
towards the end of February hatched about the 21st of March. 

March . — The next three months, March, April and May, witnessed 
great locust activity and we find reports of damage from widely distributed 
areas. FHers were present over large areas during the month of Ma^^ 

iUthough oviposition began about the end of Februar}^ (Baluchistan 
and Ambala in the Punjab), the majority of the over-wintered locusts 
attained sexual maturit}^ in March. 

During March reports of hea^^ damage were received practical^ from 
aU over Balucliistan. A swarm was reported from Nawabshah (vSind) on 
the 5th and another swarm from Halar (Western India States) on the 7th. 

In the Punjab, the fliers were reported from Kangra on the i8th 
March. The central Punjab was practically free of locust which concen- 
trated in the north-western Districts and along the Indus. 

The only report of locust infestation from the United Provinces was 
from Dehra Dun, where two swarms appeared east to west on the 2nd and 
7th of March. ' Presumabty these swarms entered the southern part of 
Dehra Dun district from the Ambala district (where they were active in 
Februar}^) and then changed east to west within the Dehra Dun district. 

Ovi]3osition during the month of March was recorded from Mekran on 
13th, 17th and i8th, in Kachi .on the 14th and in Chagai on 15th, i8th, 
25th and 26th, in Quetta on 15th, 29th, 30th and 31st and also in Sibi 
(date unrecorded). 

Reports were received from Rawalpindi, of ovipositions on 3rd, 14th 
and 28th, from Attock district on loth, 12th and i8th ; from Jhelum 
district on loth ; from Eudhiana, on 12th and from Mianwali on 28th. 
Records of hatching during the next month (April) clearly_ show that eggs 
must have also been laid in Gurgaon, Montgomery, Eahore, Multan and 
Gujerat about the end of the third week of March. 

The first report of hopper emergence was dated the i8th March from 
Mekran (Baluchistan) where further hatchings were recorded on 20th, 
27th and 31st. Hoppers were recorded on 21st and 31st instants in Kachi, 

^N. W. F. Province — iSiorth West Forntier Province,- 
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and on 30tli in Cliagai and Sibi. The first hatching in the Punjab was 
recorded from Ambala on the 21st and on 28th March lio^Dpers emerged in 
Mianwali, Rawalpindi and Ambala. 

April . — Swarms were actively flying about during April, 1927 all 
over Baluchistan except Jhalawar, Zhob being particularly badly infested. 
Generally the direction of the swarms was from south to north. The 
hoppers that hatched out earl3’' in March must have acquired wings in April 
and most of the swarms appearing in Baluchistan during this month 
j)robably consisted both of the overwintered-brood as well as those of the 
spring brood individuals. In the Punjab while hoppers were present in 
comparative abundance in most of the districts, only a. few districts 
(Mianwali, Attock, Jhelum, Perozepore, Kangra and Simla) were infested 
by the adults which evidently consisted almost exclusively of the over- 
wintered individuals. It seems, however, that these adults were dying 
out at this time. In the beginning of the month, Simla (2nd April) and 
Ferozepore (ist, 5th, 8th and loth April) were visited for the first time'. 
While there was no oviposition in Simla, breeding took place in the 
Ferozepore district. No hoppers were reported from Sind and Rajputana 
although a swarm was noticed on the 7th insfant in Jhalawar (Western 
India States). 

Eggs were recorded in Baluchistan, in Chagai (2nd and 14th April), 
Quetta and Foralai. In the Punjab oviposition was observed in Mianwali 
(4th and nth Aj)ril) and, judging from reports of hatching, eggs must also 
have been laid in Rawalpindi, Attock, Ferozepore and Ambala. In the 
N. W. F. P. eggs were deposited in Hazara. 

There were reports of emergence and presence of hoppers in Baluchis- 
tan from Mekran (2nd, 12th, 15th and 29th April) and Sibi (30th April). 
In the Punjab oviposition was recorded from Multan, Montgomery, Gujrat, 
Lahore, Gurgaon, Attock, (week ending nth April), Rawalpindi (nth, 
i8th, 28th April), Jhelum (loth April), Ludhiana (5th, nth April), Feroze- 
pore (28th, 29th April), and Ambala (6th, nth, 25th April). Hoppers were 
observed in Gurgaon during the week ending nth April. Gurgaon or the 
adjoining regions in the Punjab had no swarms in the previous months, 
therefore, the swarms that oviposited in Gurgaon must have come from 
Rajputana about which our locust records were meagre. Hatching 
occurring on the 15th instant in. an isolated tract, Dehra Dun, in the 
U. P.^ is not without interest. 

May . — During this month swarms were numerous all over Baluchistan, 
particularly Sibi. In Lasbela state swarms continually moved in the 
north-eastern direction towards Larkana (Sind), from where they later on 
proceeded to upper Sind frontier and probably flew towards Dera Ghazi 
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Khan (Punjab) also. Swarms flying from north to south towards Bahawal- 
pur State were observed in Kabirivala tehsil (Multan district) and Rajanpur 
tehsil of D. G. Khan district on 29th and 31st respectively. A swarm 
fl3dng in the reverse direction was observed in Multan on the 30th. During 
the month swarms of fliers were also recorded from Gujrat, Shahpur, 
Mianwali, Sheikhupura, Kangra, Simla, Ambala, Karnal, Hoshiarpur and 
Hissar districts. Hoshiarpur and Hissar were visited on 6th and 30th 
respectively, these forming the flrst infestation of these places of the 
1926-31 locust visitations. Their presence in Dehra Dun (U. P.) and 
Hazara (N. W. F. P.) is. also authenticated. 

The individuals of the spring brood started becoming adult about 
the middle of May in Ambala (Punjab) and this continued in other parts 
of the Punjab and Baluchistan, 

As compared to the previous month, oviposition was poor during May. 
Egg-la^dng was reported from Quetta, Zhob, Kalat and Sibi tracts in 
Baluchistan. Hopper ravages on crops were reported from Mekran (iith 
and 17th May) and Kachi (7th Ma}") in Baluchistan and from Mianwali 
(9th, i6th and 23rd May), Attock, Rawalpindi (2nd, 9th, i6th, 23rd and 
30th Ma}^), Ferozepore and Ambala (5th-9th May) in the Punjab. 

June . — The locust activity was on the decline. Hoppers were re- 
corded from Kalat (7th and loth June), and Zhob and Sibi (20th June) 
in Baluchistan, Mianwali (6th June) in the Punjab, Hazara in the N. W. F. P. 
and Dehra Dun (ist June) in the U. P.' Evident^ these hoppers had 
emerged from the eggs that were deposited in May. 

The only report of oviposition for this month is from Dehra Dun 
(U, P.) on 8th June. This appears very doubtful and it was not followed 
by hatching. 

Swarms of fliers (evidently of the spring brood) were present practi- 
cally all over the Baluchistan, Sind and the Punjab. In the U. P. they 
spread from Dehra Dun to Garhwal, . Almora, Bijnore and Naini Tal 
districts. 

The record of a swarm of fliers from Muzaffarpur (Bihar) between 
28th and 30th June is very striking because of the fact that there is a long 
stretch of land to the west of Muzaffarpur through which the swarms had 
passed unrecorded. This is a glaring instance of the incompleteness of 
our data. In Eoralai (Baluchistan) a pink swarm was observed on nth 
evidently belonging to the spring brood. 

Jiily.—By the end of June the overvuntered brood had almost 
completely died out. Thus, the locust activity witnessed in the later half 
of the 3^ear concerned the adults of the spring brood and their progeny. 
During the first week of July no eggs or hoppers were reported from any- 
where in India and the number and intensity of swarms of fliers also went 
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down considerably. From Baluchistan three swarms were reported in 
the first week of the month, one on the 8th at Kalat and two at Foralai 
on 1st and 8th. Farkana, Nawabshah and vSukkur (Sind) were also visited. 
In the 'Punjab, locusts were concentrating in the drier parts i.e., along the 
border districts, Multan, Montgomery, Ferozepore and Hissar, and 
occassional swarms were reported from Mianwali, Shahpur, Jhang and 
Ambala. 

In the U. P., swarms were reported from Dehra Dun, Almora, Bijnore, 
Nainital, Garhwal and Cawnpore districts. The Cawnpore swarm does 
not appear to be connected with those of Dehra Dun and other districts 
of the north-western districts of the U. P. mentioned above, but possibly 
had independent origin from Rajputana or Gwalior. Focust fliers were 
also swarming in Bhagalpur district of Behar and possibly belonged to the 
same swarm that was observed in June in Muzaffarpur. It is difficult to 
guess the origin of the swarm recorded from Palamau on the 5th July, 
1927. 

During the w^eek ending i6th July, locust swarms were observed in 
Foralai and Zhob in Baluchistan ; in Farkana, Sukkur, Nawabshah, 
Hyderabad and Tharparkar in Sind ; in Sheikhupura, Multan, Montgo- 
mery, Hissar and Rohtak in the Punjab, and in Dehra Dun, Garhwal and 
Almora in the United Provinces. Oviposition occurred in the Hissar 
district (Punjab) on the i6th July and in Karachi (Sind), where hoppers 
were reported later on. Durmg the week ending 24th, and on 25th July 
ovipositions were reported from Hissar and Rohtak districts of the Punjab 
resiDectively. 

In Baluchistan the only swarm of fliers reported was from Foralai, 
flying from north-west to south-east. In the Punjab by the end of the 
week locust fliers swarmed in submontane districts viz., Gurdaspur, Hoshiar- 
pur, Ambala and Simla. They were, also present in Attock, Jhang, Multan, 
Montgomery, Ferozepore, Rohtak and Gurgaon. In the last mentioned 
place oviposition occurred on 29th July. 

In the United Provinces swarms were reported from Dehra Dun, 
Garhw^al and Almora districts and in Behar from vShahabad. 

July 1927 stands out prominently for the very much reduced locust 
, activity in the western parts of India and their concentration in the south- 
eastern Punjab. 

August , — ^Focust situation during August was rather interesting. 
Breeding started on a large scale in the Punjab, mainly in its south-eastern 
districts, and in Karachi (vSind). Rohtak, Gurgaon, Hissar, Ferozepore, 
Fudhiana, Jullundur and j\Iontgomery districts of the Punjab were heavily 
infested with eggs and hoppers. The first report of hatching in the Punjab 
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was received on 3rd August from Hissar, where very extensive breeding 
took place all over the district. Swarms of fliers were also present during 
the month in several districts of the Punjab— lyahore, Amritsar, Sheikhu- 
pura, Gujranwala, Mianwali, Multan and D. G. Khan, but from none of 
these districts was breeding reported. 

In Baluchistan, small swarms were seen fl3dng about and doing damage 
to crops in Lasbela, Kalat, Jhalawar, Sarawan and Kachi districts. 

In the United Provinces fliers were recorded only from the Almora 
district. 

September . — During September 1927, locust activity in India was at 
a very low ebb and swarms were reported only from Mekran, Uasbela 
(Baluchistan), Karachi (Sind), Hissar, Gurgaon and Ludhiana (Punjab). 
In Hissar, eggs and hoppers were recorded on 5th and 12th. 

October . — In the following three months — October, November and 
December — the locust was not reported to breed in any part of India. 
Stray swarms were frequently reported from the Punjab. 

In October, in the Punjab, locust fliers were active only in Hissar and 
Montgomery districts and a swarm was recorded flying towards Bahawal- 
pur from Multan (Punjab) on 31st October. At the end of October, the 
general direction of flight of swarms in Montgomery district was from 
east to west. Baluchistan and Sind, particular!}^ the latter, were heavily 
infested and severe damage to cro^is was reported. The general direction 
of flight of swarms in Sind and Baluchistan also was from east to W'est. 
This may accoimt for the great concentration of locusts in Lasbela and 
Mekran (Baluchistan) during October. 

November. — ^In- November locust activit}^ markedly decreased and 
only stray swarms were seen in Montgomery, Multan (7th), L^^allpur (7th), 
Shahpur (28th), Hissar (28th) and Gurgaon (28th) in the Punjab and 
Sukkur (5th, 12th) in Sind, and Loralai, Kachi and Jhalawar (15th) in 
Baluchistan, The}^ were, however, present in good numbers in Thar- 
parkar, Hyderabad and Karachi in vSind, and Lasbela and Mekran in 
Baluchistan. 

December . — In December the locust completely disappeared from 
the Punjab. 

There were swarms in H3^derabad and Karachi (Sind) and Mekran 
and Zhob (Baluchistan). In the AVestern India States, a swarm flying 
from south to. north was observed on 27th in Sorath— a coastal tract 
in the southern extremity. 

The presence of swarms in Dehra Dun (2nd-7th) in the United 
Provinces is a very peculiar fact. It is probable that these were stray 
remnants of the swarms visiting this region in the earlier parts of the year. 
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It would appear that while most of the swarms which infested the 
Punjab during summer died out in October, November and December, 
at least some did migrate to the drier tracts of Bahaw^alpur and Rajputana. 
Active control measures adopted w^ere resj)ousible for great deal of des- 
truction of eggs, hoppers and fliers. 

VI. Docusx SITUATION IN 1928 (Plate IV) 

January-Mafch. ^It is noteworthy that there were no reports from 
the Punjab of any locust swarms during January, February and March, 
1928 (see below). 

As compared with^the previous year, locust-breeding started earlier 
in 1928. In Kalat (most probably its coastal region of Mekran), ovi- 
position started in the first week of January and hatching commenced on 
9th February. Hoppers were also recorded in Karachi (Sind) in the first 
week of January. 

During March swarms were reported from Kalat and Chagai (Balu- 
chistan) where they oviposited and from Sibi (Baluchistan) and Koilwar 
(Western Indian States). 

_ ^Locusts exhibited increased activity during April and spread 

out into Sibi, Doralai and Zhob in Baluchistan and in D. G. Khan, Mian- 
wali, Montgomery, Shahpur and Attock districts of the Punjab. More 
swanns from Baluchistan entered the Punjab through Dera Ghazi Khan 
during the last week of April. A swarm from Sibi (Baluchistan) entered 
the southern most tehsils of D. G. lOian on 22nd, and spread further north 
reaching Bhakkar (Mianwali) and Talagang (Attock) on 24th. At the 
latter locality they oviposited on the very day of arrival. On 28th they 
were again recorded in Mianwali and on 30th in the Shahpur district. 
The swarm that visited Montgomery on 29th, came from the adjoining 
tracts of Bahawalpur State. 

Ovipositions were recorded in Chagai and Sibi (14th, 30th April) in 
Baluchistan and Attock (24th April) in the Punjab. The reports of hatch- 
ings in early May indicate, that eggs must have been laid in Shahpur, 
Jhelum, and Gujrat (Punjab) and in Doralai and Quetta (Baluchistan) 
during the first or second week of April. It seems probable, therefore, 
that many locusts in the hopper or flier stages overwintered unobserved 
in these districts and deposited eggs in early April. 

Hoppers were recorded in Mekran and Chagai (Baluchistan) through- 
out the month and on 14th in Sibi. 

May . — ^Docust swarms were actively flying about in Baluchistan, 
Sind and the Punjab during May. The interesting feature of their move- 
ment in the Punjab was that during the first ten days of the month, swarms 
were common in the northern half of the province and their direction of 
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flight was north to south generally and during the next twenty days they 
were present in the southern half of the province only. This emigration 
from the northern half of the Punjab seems to be on account of the wind- 
storms that blew from north to south in the beginning of Ma}^ At the end 
of the month, Karnal, Rohtak and Gurgaon districts of the Punjab and 
Dehra Dun and Garhwal districts of the United Provinces were also 
invaded. 

Eggs were recorded in Mekran (7th, loth May), Eoralai and Zhob in 
Baluchistan and Attock, Muzaffargarh, Multan (i8th May), and Montgo- 
mery (14th May) in the Punjab. 

The emergence and presence of hoppers was reported from Mekran, 
Quetta, Zhob and Eoralai (Baluchistan) and Attock, Shahj)ur, Jhelum, 
Gujerat and Muzaffargarh (Punjab.) 

‘ June . — During June swarms were recorded from .all over Baluchis- 
tan and Smd. Breeding continued in Baluchistan only and eggs were laid 
in Chagai and Zhob (loth, 15th June) and hoppers were observed in Mekran 
(2nd, 8th, 17th and 30th June), Quetta (15th June), Zhob (loth 15th June), 
Eoralai (28th June) and Sibi (30th June). Most probably this oviposition 
was by the fliers developing from the spring brood. 

As in May, in the Punjab there was concentration followed by mi- 
gration from one part of the province to the other. In the first fortnight 
of June concentration of swarms was observed in south western districts. 
They migrated to the south-eastern Punjab in the second fortnight of June. 

In U. P. swarms were recorded on the ist and 2nd June in Garhwal 
and Almora districts respectively. 

July . — During July, swarms were recorded in Mekran, Easbela, 
Toralai and Sibi (Baluchistan), Tharparkar (Sind), eastern two-thirds of 
the Punjab and Dehra Dun (U. P.) ; eggs were deposited in Hissar and 
Jullundur districts of the Punjab on nth and 15th and hoppers were 
reported from Sibi during the second fortnight of the month. 

Augiist . — During the next five months of the year locust- activity 
was at its ebb, only a few stray swarms having been observed in the 
countr3^ Thus, while visitations were recorded in Zhob, Sibi (Baluchistan), 
Hissar, Gurgaon, Rohtak, Karnal (Punjab), and Jaipur (Rajputana) in 
the first fortnight of August, during the second fortnight locust was 
reported from Sibi (Baluchistan) alone. 

September . — In September no swarms were reported from Baluchis- 
tan, there were a few reports from Sukkur and Hyderabad (Sind) and 
only one (30th) from the Punjab (Montgomery). The Montgomery swarms 
probably came from the adjoining desert tracts of Bahawalpur. 

October . — Reports of one swarm flying from north to south in 
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Kharaii (Baluchistan) on 24th, a few swarms in Karachi and Nawabshah 
(Sind) and a swarm flying from south-west to north-east in Kyallpur 
(Punjab) complete the record of locust activity for October. 

November. — ^During November while only one swarm was recorded 
on the 6th in Sibi (Baluchistan), locusts were present in the Punjab in 
comparatively larger numbers, Montgomery, Lahore, Lyallpur and 
Mianwali districts ‘ being more seriously infested. As in September this 
time also swarms were seen to have entered the Punjab from Bahawalpur 
side. 

December . — During December the only report of flier swarms is from 
Attock (Punjab) from 4th to 7th instant. 

VII. Locust situation in 1929 (Plate V) 

Jamtary-March. — During January, February and March, locust 
population was again very thin in India. A swarm in Kalat on 2nd, 
another in D. G. Khan (Punjab) on the 5th and a few in Shahpur on i6th, 
28th and 31st complete the record of locust- activity for Januar}^ In 
February only one swarm was recorded from Sibi (Baluchistan) on the 
loth. During March a few swarms were noticed in Kalat and only one 
was seen in Zhob on 25th. Emergence of hoppers in April reported from 
Quetta, Loralai and Kalat (probably Mekran region) indicate egg-laying 
in these districts during March. 

April. — During April oviposition was reported from Kalat, Zhob, 
Quetta and Loralai and hoppers were observed in Mekran (ii, 15^ 19, 20, 
29, 30 April) and Zhob (28-30 April). On 7th April several swarms entered 
D. G. Khan district of the Punjab from the west, flew towards the east, 
and reached Multan district the same day. They laid eggs in Khanewal 
tehsil (Multan) on 8th instant and by the 12th had invaded the adjoining 
districts of Montgomery, Jhang, Mianwali, Lyallpur and Shahpur. To- 
wards the close of the month whole of the Punjab, and Dehra Dun and 
Garhwal districts of U. P. were infested. A report of egg-la^dng was 
received from Jhang on 27th April. The emergence of hoppers on the i8th 
April in Shahpur indicates that oviposition had occurred there about the 
end of March. . 

May. — ^Swarms of fliers were recorded throughout the month from 
Kalat, Sibi, Quetta, Loralai and Zhob in Baluchistan, Montgomer}^ Lyall- 
pur, Multan, Jhang, Mianwali, Shahpur, Rawalpindi, Jhelum, Gujerat, 
Sialkot, Gujranwala, Sheikhupura, Gurdaspur, Kangra, Hoshiarpur, Simla, 
Jullundur, Amritsar, Lahore, Hissar and Karnal in the. Punjab, Hazara 
in the North-West Frontier Province and Garhwal and Dehra Dun in the 
United Provinces. 
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Eggs were laid in Kalat (i-6, 15-31) , Quetta (i, 10, 15), Eoralai (ist 
and 2nd week-ends, and 26), Zliob (10, 18), Sibi (about I5tb and on 30th) 
and Cliagai (end of the month) in Baluchistan. The only report of 
oviposition in the Punjab was from Simla (9) and is very doubtful, as it 
was not followed by any rejrort of hatching. 

Hoppers were reported from Kalat, Quetta, Eoralai, Zhob and Sibi 
in Baluchistan and Attock (20) in the Punjab. 

June. — Eggs, hoppers and adult locusts were present throughout 
June in Baluchistan and a few swarms were noticed in Sirid (Nawabshah 
district) for the first time in the year. In the Punjab, however, the locust 
population had thinned down and only a few sw^arms were noticed in Karnal, 
Amritsar, Montgomery, Hera Ghazi Khan (north-east to south-west) 
Eyallpur, Montgomery, Jhang, Sheikhupura, Gujerat and Attock during 
the first 10 days of the month. Hatching was noticed in Attock district 
on 7th June and hoppers w^ere reported throughout the month. No locusts 
were reported from the U. P. during June. 

July.—Dutm.g July locust swarms were recorded from practically 
all over the Baluchistan and Sind. In the Punjab they were con- 
centrated in the southern half of the. Province. The presence of hoppers 
and freshly emerged adults in Bharatpur (Rajputana) in the first fortnight 
of July indicates the probabilities of certain swarms having migrated into 
this region from the adjoining districts of Gurgaon (Punjab) in winter 
1928. Erom Bharatpur the locust swarms passed on to Aligarh (U. P.) 
on the 5th and 8th and reached Barabanki (U. P.) on 20th. Hoppers 
were reported from Zhob (i-l5th) and Quetta (30th), in Baluchistan and 
from Multan (17th), in the Punjab. 

, August . — During the next three months wE, August, September 
and October (more particularly August and September) numerous reports 
of locust-breeding were received from all over Baluchistan, the Punjab 
and western half of the United Provinces. During August locusts were 
present in Baluchistan, Sind, Rajputana, N. W. F. P., the Punjab and the 
United Provinces. 

In Baluchistan eggs were deposited in Easbela (3, 4, 5th) and 
Eoralai (4, 6, 26th) and hoppers were reported from there in the last week 
of the month. 

In the N. W. F. P. a few swarms were seen in the Dera Ismah Khan 
district in the first week of the month. From a report of hatching on 4th 
September it can be inferred that swarms of locust must have laid eggs 
in this district during the third week of August. 

In the southern half of the Punjab locust activity w'as greater than 
in the northern hah, where eggs were laid only in the Raw'^alpindi' and 
Kangra districts. The emergence of hoppers began on 13th August in 
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HosMarpur district. By the end of the month hoppers were present in 
Hoshiarpur, Budhiana, Ferozepore, Hissar, Gurgaon, Ambala, Attock 
and Mianwali, and swarms concentrated into Montgomery and Multan 
districts. Flights travelled north-east to south-west towards Bahawalpur. 

Regarding the United Provinces, oviposition first occurred in Mut- 
tra, Budaun and Etah and lasted over the first week of August. Eater 
on swarms invaded Moradabad, Lucknow, Barabanki, 'Jalaun, Muzaffar- 
nagar, Dehra Dun, Mainpuri, Aligarh, Meerut and Garhwal and oviposited 
in the districts given above. Eggs laid in Etah during the third week 
of July hatched out on 7th August. During the last week of the month 
hoppers were also present in Muttra, Aligarh and Meerut. 

Swarms and ovipositions were recorded from Jodhpur (Rajputana) ’ 
on 15th August and hojDpers were reported from Bharatpur during the 
second week of the month. It appears that in Ajmere-Marwara also swarms 
were present from 13th to 19th August. In Alwar, eggs were recorded 
on 2ist, 

September . — During September there were many reports of ovi- 
position as weU as hatching and swarms infested a much larger area than 
that during the previous months. .In addition to Baluchistan, Sind and 
the Punjab, swarms visited the N. W. F. Province, Rajputana, Western 
India States and many districts of U. 'P. lying west of Lucknow. 

During the month oviposition occurred in Kalat, Lasbela, Sibi 
(Baluchistan) ; Tharparkar, Hyderabad (Sind) ; D. I. Khan (N. W. F. P.) ; 
Jhang, LyaUpur, Sheikhupura, Gujranwala, Gujrat, Sialkot, Ferozepore, 
Hissar (Punjab) ; Dehra Dun, Unao, Cawnpore and Bulandshahr (U. P.), . 
and hoppers were noticed in Kalat, Lasbela, Sibi, Loralai (Baluchistan) ; 
Tharparkar, Hyderabad (Sind) ; D. I. Khan (N. W. F. P.) ; Multan, 
Attock, Rawalpindi, Gujrat, Gujranwala, Sialkot, Gurdaspur, Sheikhu- 
pura, Hoshiarpur, Ludhiana, Ferozepore, Hissar, Gurgaon, Rohtak, Karnal 
and Ambala (Punjab) ; Dehra Dun, Saharanpur, Meerut, Bulandshahr, 
Budaun, Mainpuri, Etawah, Cawnpore and Unao (U. P.). Thus, breeding 
occurred as far as Unao (U. P.) in the East and N. W. F. Province in the 
West, and Sind, Baluchistan. 

October . — During the first half of October locust situation in India 
was. practically the same as in September with the only difference that 
while no ovipositions were recordedTrom Baluchistan, a few reports were 
received from LyaUpur and Shahpur in the Punjab, Mainpuri (U. P.) 
on 7th October and Hyderabad (Sind) on 5th October. In U. P. locusts 
had reached as far as Allahabad district and their direction of flight was 
from west to east. . 

Locust movements in the second fortnight of October are in man^’' 
ways interesting. In U. P. the direction of swarms flight was mostly west 
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to east and by the end of the month they had spread as far east as Ghazipnr 
and Gorakhpur districts. On the other hand, in the Punjab they had 
thinned down considerably, particularly, in the eastern j)art of the pro- 
vince. 

Pink-coloured adults were present in Loralai and Kalat. These were 
freshly emerged. Eggs were reported from Kalat (Baluchistan) and 
E3^allpur (Punjab) and hoppers were reported from Kalat (Baluchistan), 
western districts of the Punjab and D. I. Khan district of N. W. F. 
Province. 

November . — Situation was similar to that in the preceding fortnight. 
The following striking points may be mentioned : — 

(1) Concentration of swarms in the western half of the Punjab and in eastern half of the 
United Provinces between Shahjahanpur and Ballia; 

(ii) Concentration of swarms in north western parts of U. P., i.e., Dehra Dun, Bijnore, Saha- 
ranpnr, Almora, Garhwal and Nainital districts in the second half of the month; 

(iii) The flight of swarms from U. P. towards Nepal, where they probabty died ; and 
^ (iv) Presence of swarms in Kotah (Rajputana) and Western India States. 

Oviposition was recorded frora Zhob (Baluchistan) on the loth. 
A report of oviposition was also received from Ballia (U. P.) on the i8th, 
but this is doubtful. Hoppers were recorded from Kalat, Sibi, Boralai 
and Zhob (Baluchistan), .Tharparkar (Sind), D. G. Khan, Mianwali, Jhang, 
Shahpur, Gujrat (Punjab), Saharanpur, Etah and Barabanki (U. P.). 
The last report was from Etah on 24th. 

December . — During December locusts were present in Kalat, Sibi, 
Doralai (Baluchistan), Karachi, Hyderabad, upper Sind frontier ; Western 
India State ; D. G. Khan, Multan, Muzaffargarh, Mianwali, Attock, 
Shahpur, Jhang, Jhelum, Rawalpindi, Gujranwala, Sialkot, Amritsar, 
Gurdaspur, Kangra, Ambala, Gurgaon in the Punjab ; Bijnore, Garhwal 
and Almora in the U. P. It is striking that hoppers were recorded from 
Kalat (Baluchistan) on i6th and 28th in Shahpur (Punjab) and in Bijnore 
(U. P.) on 3rd. In Bijnore eggs were also recorded on- 3rd. This report 
seems extremely doubtful. 

VIII. Locust situation in 1930 (Plate VI). 

Locust activity in India was at its maximuni during 1930. Unlike 
the previous years the winter break in locust-movement was almost absent 
and even during the month of January reports of swarms visiting a fairly 
large number of places in Baluchistan, Sind, Rajputana, States of Western 
India, the Punjab and the United Provinces were received. It was for the 
first time that locust swarms were present in the United Provinces in 
January. This was probably because there was an extensive breeding 
of the desert locust within the United Provinces, particularly in the eastern 
part during the latter half of the previous year. 
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Jamiary . — vS warms were recorded from lyoralai, Sibi and Kalat 
(Baluchistan) Sukkur, Upper Sind Frontier, Tharparkar and Uarkana 
(Sind), Palanpur and Bhavanagar in Western India vStates, in Jaipur 
(Rajputana), in D. G. Khan, Multan, Montgomery, Mianwali, Jhelum, 
Shahpur, Attock, Rawalpindi, Gujrat, Jhang, Siallcote, Gurdaspur, Amrit- 
sar, Kangra, Hdshiarpur, Jullundur, Uudhiana, Ambala and Gurgaon 
districts of the Punjab and Dehra Dun, Garhwal, Almora, Nainital and 
Saharanpur districts of the United Provinces. 

The only report of oviposition during January, was on the 26th, 
from Kalat (probably Mekran coastal area). 

February , — During February, egg-laying continued in Kalat and 
Chagai (24th) and swarms were seen flying about in Kalat, Chagai, Quetta, 
Ivoralai, Sibi and Zhob in Baluchistan. 

On the 2gth February oviposition occurred in Sukkur and swarms 
were recorded throughout the month in Sukkur, Upper Sind Frontier, 
Tharparkar and Uarkana districts of Sind. 

The first oviposition of the year in the Punjab occurred on 3rd Feb- 
ruary in Attock, which was followed by profuse egg-laying in Rawalpindi, 
Jhelum, Gujrat, Sialkot, Gujranwala, Sheikhupura, Uyallpur, Muzaffar- 
garh, Multan, Montgomery, Ferozepore, Hoshiarpur and Ambala districts. 
The south eastern districts of the province were free from locust, except 
Karnal which was invaded by locust swarms from Muzaffarnagar (U. P.). 

In the United Provinces, the Desert locust was swarming in Kheri, 
Shahjahanpur, Farrukhabad and in all the western districts more or less 
adjoining the Punjab and a part of the Rajputana. 

Eggs were re^oorted from the Deoband tehsil of the Saharanpur district 
on 6th February and from Saharanpur (24th, 25th and 28th), Meerut 
(25th), Bulandshahr and Bijnore (21st). There is a report of the emergence 
of hoppers in Almora (U. P.) on 12th P'ebruary. The report was made by 
the Deputy Commissioner, Almora, to the Entomologist, U.P., Cawnpore, and 
it reads thus : Ranger Dewaldhar found hoppers underneath thick logers of 
chir (pine) needles and seedlings ; he thinks locusts laid eggs under logers 
of fallen chir (pine) needles as there was no loose soil ; area harmed was 
roughly 70 acres.'' Almora being hilly, is a comparatively cold place and 
the desert locust must have a prolonged incubation period there during the 
winter. Thus it appears that the eggs may have been laid in October- 
November, 1929 when the locust was concentrating in this district and 
hatched after a prolonged incubation period. If so it is an interesting fact. 

March . — During March swarms were flying about in Zhob, Quetta, 
Kalat and Easbela in Baluchistan and Jaipur, Jaisalmere and Almora 
states of Rajputana. Complete absence of reports of locust activity in 
Sind is a noteworthy feature of the month. ' Although most of the locust 
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swarms liad concentrated in the eastern half of the Punjab and the western 
one-third of the United Provinces stray sw^arms w^ere present in other parts 
of these provinces also. One of them reached as far east as Uucknow 
(U. P.) at the end of the month. 

Oviposition w'as recorded from Baluchistan (Kalat and Chagai), 
Punjab, U. P. and Jammu (Kashmir State). The eastern most limit was 
Budaun ( U.P. ). 

Hatchings were common during the month. On the 2nd March 
hoi)j)ers were recorded from Kalat (probably Mekran). Regarding the 
other tracts of Baluchistan hojDpers were noticed in the first week of the 
month in Chagai and in the last week of the month in Zhob. In Sind, 
emergence of hoppers was recorded in the second w^eek of March, in Balu- 
chistan, in third and fourth weeks of the month and in the Punjab and the 
U. P., almost throughout the month in all the districts in which eggs 
had been laid during February. 

April . — During the first fortnight of April locust position remained 
the same as in the second fortnight of March. In the second half of the 
month while reports of swarms of locust hoppers and of fresh emergence 
w^ere as numerous as in the first half of the month from Mekran, Chagai 
(Baluchistan) ; Muzaffargarh, Multan, Montgomery, Jhang, Sheikhupura, 
Gujrat, Gurdas^Dur, Amritsar, Rahore, Hoshiarpur, Jullundar, Utidhiana, 
Ferozepore, Ambala, Karnal, Punjab States, Sirmur State, Bahaw^alpur 
State, and Dehra Dun, Bijnore and Meerut districts of the United Provinces, 
the reports of sw^arms of adult locusts as well of ovipositions w^ere very 
scanty. Swarms w^ere reported from Chagai (Baluchistan), Uarkana, U. S. 
Frontier (Sind), Bahaw’'al2Dur State, Gurgaon (Punjab) and Meerut (U. P.) 
and oviposition was rej)orted from Mekran, Chagai (Baluchistan), Sheikhu- 
pura, Amritsar, Jullundur, Patiala, Karnal, Gurgaon (Punjab) and Meerut 
(U.P.). 

May . — The presence of the Desert locust hoppers and fresh emergence 
of hoppers in Baluchistan (Chagai, Sraw^an, Mekran and Zhob) and the 
Punjab (from practically all the districts), continued to be reported upto 
the end of the month. In U. P. deposition of eggs was recorded on the 
3rd May in the Dehra Dun, Saharanpur and Muzaffarnagar districts which 
lie be3mnd the eastern boundry of the Punjab. 

Heav3^ oviposition occurred in Baluchistan, upto the 17th instant 
in Quetta and a little earlier in Mekran and Chagai. Oviposition occurred 
on 2nd and 5th in the Gurgaon and Karnal districts respectively. No 
ovi]Dosition was reported from the U. P. during the month. 

The disposition of the sw^arms of fliers during May w^as interesting. 
During the first twenty days of the month sw^arms were present in parts of 
Balucfiistan, Sind, Rajj)utana, Punjab and U. P. In U. P., Agra, Aligarh 
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and Bareilly marked their limit on the east. During the last ten da3'S of 
the month the locust poiDulation seems to have increased enormousl}^ and 
locust swarms reached as far as Gorakhpur (U. P.), Gwalior (Narwar, Gird 
Gwalior and Bhind), and Central India (Indore, Orchha, Nagoda and Rewah) . 
This was the first time that the desert locust swarmed into Gwalior and 
Central India during the 1926-31 invasion. The direction of flight of 
swarms in the U. P. was from west to east, which indicated that the 
province received fresh outbreaks of fliers of the spring brood from the 
Rajputana and the Punjab. 

Jtme . — During the first fortnight of June while in Baluchistan, 
Sind, Eastern boundry of N. W. Ik Province, Rajputana and Gwaliar 
locust activity was. well marked, there were fewer reports from the Punjab, 
the United Provinces and the Central India. The fliers were reported from 
Mianwali, vShahpur, Rawalpindi, Jhelum, Gujrat, Simla, Karnal and 
Gurgaon (Punjab), Meerut, Cawnpore, Jalaun, Jhansi, PlamirjDur, Banda 
and Mirzapur (U. P.), and Nagod and Rewah (Central India). The general 
direction of flight of swarms in U. P^ was from west to east and the swarms 
appear to have invaded the province from Rajputana side. During this 
fortnight eggs were recorded in Easbela (loth) Sarawan, Jhalawan and 
Kachi (Baluchistan) and hoppers in Mekran (Baluchistan) only. 

During the second fortnight of June locust poiDulation further decreased 
in the Punjab, swarms of fliers having been reported only from D. G. Khan, 
Muzaffargarh, Mianwali, Rawalpindi, Jind, Gurgaon and Bahawalpur 
State. On the other hand locust activity greatly increased in the United 
Provinces. Reports of swarms of fliers were received from all over the 
province, except a few north-western districts. Having infested the whole 
of the province locust swarms entered Bihar and Orissa and infested 
Shahabad, Palamau, Patna, Gaya and Ranchi districts. Oviposition during 
this fortnight was very scanty and was reported only from Bahawalpur 
and Alwar States. 

July . — During the next three months viz., Juty, August and Septem- 
ber, 1930 the breeding of the Desert locust reached its zenith. Eggs and 
hoppers were reported from the eastern Punjab, from those districts of 
the United Provinces that lie adjacent to the Punjab, and Jodhpur, Bilcaner, 
Jaipur, Bharatpur, Alwar and Dholpur states of Rajputana. It was in these 
regions that extensive breeding took place and it was from here lhat most 
of the swarms which were found elsewhere later on had migrated. 

During July the swarms of locust infested practically the whole of 
Baluchistan, Sind, Rajputana, Punjab, N. W. F. Province, niajoi portion 
of U. P., a few north western districts of Central India and Ranchi dis- 
trict of Bihar and Orissa. 

In Baluchistan locust infestation was less intense than in the above- 
mentioned parts of the country. In the western districts of the Punjab 
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locust problem was not so serious as in the eastern districts which were 
very heavily infested indeed. On i6th July a few swarms entered D. G. 
Khan from Sibi (Baluchistan) side. 

Fliers of the desert locust were swarming all over the U. P. They 
were moving from east to west towards Rajputana in the first half of 
the month and continued vacating the eastern and southern half of the 
province . so much so that by the end of the month they were reported only 
from Muzaffarnagar; Saharanpur and Bulandshahr districts. 

In central India swarms were reported from Bhopal (3rd July) and 
Orchha (weak ending 12th). In Bihar and Orissa no reports were 
received after their visitation of the Ranchi district on 9th July. 

During the first week of July ovipositions occurred in Baluchistan 
(Fasbela 1-7), Rajputana (Ajmere-Marwara i.) and hoppers appeared in 
Fasbela (1-7) and Bahawalpur state (W. E.). 

Intensive breeding continued on a large scale during the rest of 
July. Ovipositions were recorded in Mekran (11,29.), Easbela (16, 2-31.) 
and Eoralai (Baluchistan) ; Tharparkar, Hyderabad and Karachi (Sind), 
Jodhpur, Jaisalmer, Bikaner, Jaipur, Alwar, Bharatpur and Dholpur 
(Rajputana), east Punjab, parts of west Punjab (Shahpur, Montgomery 
and Eyallpur districts) and the Punjab states, Delhi, Saharanpur, 
Muzaffarnagar, Bijnore, Meerut, Bulandshahr, Aligarh, Muttra, Agra, 
Etah, Budaun, Moradabad, Bareilly, Shahjahanpur, Etawah, Jalaun and 
Cawnpore districts of U. P. Hatching started on a large scale on about 
the 20th July and by the end of the month the whole of the above-mentioned 
area was infested with hoppers. 

Atigust , — In August locust position in India was practically the same 
as in July. Hatchings were more numerous and breeding on an extensive 
scale occurred in north west Punjab also. 

September , — During September 1930 swarms began to spread further 
south mostly from Rajputana and Southern districts of the United Pro- 
vinces. During the first week of the month the southern most limit of 
the locust infested area was Palanpur (Western Indian States), Udaipur 
and Kotah (Rajputana) and Rewah (Central India). In the second week 
they travelled further south and were recorded from all over the. Central 
India upto Indore and Ujjain. In the third week they reached Nimar, 
Hoshangabad, Betul and Akola districts of Central Provinces and in the 
last week of the month they reached as far south as Warangal district of 
Hyderabad (Deccan) on 28th. At the same time they were present in 
Akola, Nagpur, Betul and Hoshangabad districts of the Central Provinces. 
All through, generally, locust-movement was from north to south. 

At the same time swarms also began to spread eastward in the IJ. P. 
and reached the eastern extremity of the province (Ballia district) on 8th 
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instant, From there they went further east and having crossed the pro- 
vinces of Bihar and Orissa (unreported) they reached as far east as Rangpur 
district of north Bengal during the week ending 30th vSeptember. They 
were flying from south-west to north-east. Thus during this year locust 
swarms extended as far as Rangpur (North-Bengal) in the east and Waran- 
gal (Hyderabad-Deccan) in the south. 

It is noteworthy that while throughout .the month swarms were 
actively flying about in Rajputana, Sind and Baluchistan and during the 
first half of the month, in the U. P. their force was decreasing in the Punjab 
till at the end of the month no swarming was reported from the province. 
The same thing happened in the U. P. during the second fortnight and the 
last report was from Mainpuri district on 23rd September. 

Oviposition and hoppers were not reported from beyond Rucknow 
(U. P.) on the east, Rawalpindi (Punjab) and Kalat (N. W. F. ,P.) on the 
north, Mekran (Baluchistan) on the west and Udaipur (Rajputana) on the 
south. Hoppers were reported from Mekran, Fasbela (Baluchistan), 
Kohat (N. W. F. P.), all over east Punjab and a few districts of north-west 
and west Punjab, Rajputana and in all the districts of U. P. adjoining the 
Punjab and a few others lying west of Rucknow. 

It is noteworthy that in the Punjab ovipositions during the month 
were recorded mainly from the sub-montaenous districts ; the south 
eastern Punjab remained practically free of eggs. 

October —Dming the first week of October Baluchistan and Sind, 
except Mekran and Foralai, where swarms were present, were free from all 
stages of locust. 

In N. W. F. P. hoppers were present during the week ending 22nd 
instant in the Kohat district. 

In the Punjab a few swarms were recorded in the Dera Ghazi Khan 
and Gurgaon districts only. Hoppers were present in Mianwali, Amritsar, 
Gurdaspur and Ferozepore and the Punjab states. 

But for a report of egg-laying in Muzaffarnagar on 3rd October (which 
is the last available report of egg-laying' during the year in U. P.) and 
presence of a swarm on the ist in Bijnore, no locust of any stage was 
reported from the United Provinces. 

In Rajputana swarms were recorded in comparatively greater 
numbers in Jodhpur, Jaipur, Bharatpur, Udaipur, Bundi, Kotah, Dungar- 
pur. Eggs were reported from Jodhpur, and hoppers from Jodhpur, 
Bikaner and Dholpur. 

From Rajputana locusts spread further South and infested the 
whole of the Western India States, Jhabua, Indore, Barwani, Mandasar, 
Bhopal in Central India, Tonwatgarh (Gwalior), Akola, Nagpur, 
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Jubbulpttr, Mandla, Nimar and Buldana (Central Provinces) and Warangal 
(Hyderabad-Deccan) . 

In the east they were present in Ranchi, Sambalpur, Singhbhnm, 
Manbhuni (Bihar and Orissa), Dinajpur, Rangpur, Pabna (Bengal) and 
in Goalpara in Assam (21st October). No oviposition was recorded during 
the remaining three months of the year, with the solitary exception of 
Barwani (Central India) in November. 

• November . — During November only a few swarms were noticed in 
Baluchistan in the Sibi zone. In the Punjab only one swarm was recorded 
in Simla fl3dng from south-east to north-west on 13th instant. There 
were no swarms in N. W. F. P. In U. P. a few swarms were noticed on 
27th and 28th instant in the extreme South-Eastern corner of the province 
in the Mirzapur district. 

In Rajputana locusts were active in Dholpur, Ajmere-Marwara, 
Jaisalmer, Jodhpur, Udaipur and Banswara. 

Adjoining the southern boundaries of Rajputana and U. P. they were 
recorded in Jhalawar and Halar in West India States, in Ahmedabad, Nasik 
and Thana in Bombay presidency, in Jhabua and Rewah in Central India, 
and in Seoni, Jubbulpore and Mandla in the Central Provinces. Hoi^pers 
were noticed in Barwani (Central India). 

In the east they were recorded in Palamau, Ranchi and Santal 
Parganas (Bihar and Orissa) ; Darjeeling, Jalpaiguri and Cooch-Behar in 
extreme north of Bengal and in Assam. Farther in the east they were 
found in Goalpara, Kamrup, Darrang and Sibsagar (Assam) in' the end 
of the month. ' From Darrang the}?^ travelled north and in 3veek ending 
28th reached BalijDara F. tract. 

■ December . — During December locust swarms extended further to- 
wards the north-east in Assam along the Brahmaputra (river) and were 
noticed in Eakhimpur district on the 2nd, flying from south-west to 
north-east. Throughout the month they were active in Sibasagar while 
in the first ten days of the month they swarmed BalijDara F. tract, Darring 
and Goalpara. They were reported from Monghyr, Ranchi, Palamau 
(Bihar and Orissa), Mirzapur (U. P.) and Rewah (Central India) but 
curiously enough there was no report from Bengal. . 

On the southern side the sivarms probably died out and were 
reported during the week ending ist December in Seoni (Central Provinces) 
and Palanpur, vS.orath and Cutch (Western India States) and southern 
extremit3^ of Jodhpur state (Rajputana). There was no locust activity 
recorded in Sind. The swarms that were present in large numbers in the 
previous month in Rajputana dispersed out of the area. A few of them 
entered western India states and others migrated into the Punjab states, 
Montgomery, Multan and Ey allpur districts of the Punjab during the 
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first fortnight of the month. There was a very doubtful report of egg- 
laying in Jodhpur (Rajputana) in the middle of the month. The swarms 
that were recorded in vSimla (Punjab) during November migrated into 
Kangra and HoshiariDur districts of the Punjab. 

IX. lyOCusT srruATioN IN 1931 

The control measures employed against locust in 1930 in various 
provinces and specially in the Punjab undoubtedly reduced the population 
of the pest appreciably. A doubtful report of hatching on i8th March 
1931 received from Chagai (Baluchistan) indicates that eggs must have been 
laid there in the beginning of P'ebruary. It was during April that some 
swarms abruptly invaded Chagai from Afghanistan and Persia and spread 
over’ the whole of Baluchistan, Sind and Rajputana during the succeeding 
months. During March-April local swarms were also observed breeding 
in Dasbela (Baluchistan). 

Western part of Punjab was invaded for the first time during June 
when a swarm entered D. G. Khan district on 20th. This sw^arm could 
only be traced u^ito Mianwali but no further. 

South-east Punjab and west U. P. were invaded during the second 
week of July from Rajputana. Eggs were laid in these tracts but they were 
mostly destro^T-ed. Breeding took: place on a large scale during summer 
in Rajputana, but Sind and Baluchistan remained free. From Sex^tember 
to December, 1931 swarming activity went down so much that during 
December onty a few swarms were reported from Kalat (Baluchistan). 
This seems to be the end of the great locust invasion which started in 
1926. We shall now give a detailed account of the visitation in India 
duriiig 1931. 

January . — In the beginning of January, 1931 a few locusts were 
recorded in Mirza^iur — an .extreme south-eastern district of U. P., Shaha- 
bad, Palaiiiau and Ga^m districts (Bihar and Orissa) and Palanj)ur, Halar 
and Cutch in States of Western India. 

February . — During February only one swarm was reported from 
Jhalwar (States of Western India) on ist instant. 

March . — -During March a swarm was reported from Multan (Punjab) 
on the 4th and hopxiers were recorded in Chagai (Baluchistan) on iSth 
instant. This indicates that stray locust swarms were xiresent in Chagai 
during February and they laid eggs. 

April . — During April swarms invaded Chagai from Persia and 
spread further into Quetta and Kalat (Baluchistan) and entered U. S. 
Frontier district (Sind) on 17th instant from Kachi (Baluchistan). Eggs 
were laid in Chagai . on' 20th and 24th of the month, in Quetta on ist 
and in Kalat (probably Mekran) on 24th instant. The presence of hoppers 
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in Lasbela during the month showed that eggs must have been laid there 
most likely b}" the local over-wmtered adults during Zvlarch. 

May . — ^During May locusts were active in Baluchistan where they 
were recorded in Chagai, Mekran, Kharan, Jhalawan, Sarawan, Quetta, 
Lasbela and Loralai. In Lasbela their direction of flight vras mostly from 
west to east. Loralai was invaded on 26th instant hy the swarms vrhich 
after passing unnoticed through D. G. Elhan district flew from south to 
north and vrest to east into the Multan (Punjab) district on 29th instant. 
This time again it will be obsem'ed that. the Punjab was invaded from 
Baluchistan through the south western corner of the province. A few 
swarms fl^flng from south-east to north-west were recorded in the Agencies 
and Tribal areas adjoining the Kohat district in ZST . W. F. P. These svrarms 
probably came from Elohat where breeding had occurred during summer 
1930. 

Eggs were laid in Chagai (5), Kharan(6), Quetta (6, 7, 10, 16), 
vSarawan (18), Lasbela (26) and Elharan (23), Mekran (8, 22, 27) and 
Sarawan (22, 26, 27) tracts of Baluchistan. A report of egg-laying in 
Jodhpur (Rajputana) on 4th instant indicates the presence of some local 
overwintered adults there. 

June . — ^During June locust position in Baluchistan was the same as 
in Ma}^. Eggs* were laid in Mekran on Sth and hoppers were present in 
Chagai, Sarawan and Mekran throughout the month. From Lasbela 
where the direction of flight of swarms vras from west to east locusts further 
spread in Karachi, Larkana, and Mawabshah districts of Sind. From 
Larkana they went upto Upper Sind Frontier and entered the Rajanpur 
tehsil of D. G. Khan (Punjab) on 20th instant. Later on they travelled 
upto ivlianwah ; where they were noticed flying from west to east on 22nd 
instant. A report of swarms flwng from east to west in Ludhiana (Punjab) 
on 15th instant is interesting. Probably it v;as a local swarm. In Rajpu- 
tana locusts were recorded in Jaisalmer, Jodhpur, Ajmer-Marwara, Dungar- 
pur, Banswara all through the month and ovipositions were recorded in 
Jodhpur on nth instant. A swarm noticed in Halar (Western India 
States) on 27th instant flying from south to north was probabW a stray 
reninants of Januar^g 1930 sw'arms. In the Agencies and Tribal areas 
of FT . W. F. P. swarms were noticed fl^'ing from west to east on iS, 24 
and 30th instants. They probably came from the Afghanistan. 

July . — ^During July, with the exception of Lasbela and Chagai tracts, 
locusts were present all-over Baluchistan. Loralai, Sibi and Kachi. tracts 
were very badly infested, and as the direction. of flight of swarms in these 
tracts was mostly from east to west in the first fortnight of the month 
they probabW originated from D. -G. Elhan (Punjab) where they were- 
noticed in very large numbers during the second fortnight of the month. 
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In Baluchistan eggs were laid in Quetta. (6) and hoppers were observed in 
Mekran (3,15). 

The whole of vSind and Bahawalpur vState and Jaisalmer, Jodhpur, 
Bikaner, Ajmere-Marwara, vSirchi, Jaipur and Karauli states of Rajioutana 
were badly infested. Eggs were laid in Jodhj)ur on nth, Jaisalmer on 
23rd and Bahawalpur on 30th. 

In the Punjab and the United Provinces, however, locust position 
was very interesting because, whereas these i^rovinces were entirely free 
from the pest in the first half of the year locusts abruptty invaded them in 
very large numbers on about the lOth of July from Rajputana and after 
spreading over the east Punjab and west U. P. gradually went further 
and by the i8th of the month had reached Gurgaon, Hissar, Punjab vStates, 
Rohtak, Karnal, Ludhiana, FerozejDore, Lahore, Sheikhuj)ura and Lyall- 
pur districts of the former province and Agra, Mainpuri, Muttra, Aligarh, 
Etah, Hardoi, vShahjahanpur, Budaun, Moradabad, Bulandshahr, Meerut, 
Muzaffarnagar, Saharanpur and Bijnore districts of the latter province. 
Delhi was also infested. Eggs were laid in the above districts. The earliest 
report came from Aligarh on loth July. In the east Punjab the eggs were 
first laid in Gurgaon on 13th July. HojDpers were recorded only in 
Gurgaon (Punjab) on 27th and Aligarh (U. P.) on 25th instant. 

In the west Punjab, however, conditions were different. First swarm 
was observed in D. G. Elhan on nth July. The presence of hoppers in 

D. G. Ivhan on 28th July suggests egg-laying in that district on about 
the 13th of July. From. D. G. Elhan, they invaded the Muzaffargarh dis- 
trict on T 9th July. The swarms that visited Mianwali on 17th, i8th and 
24th July from north-east and flew to south-west were probably of local 
origin and those that visited the Montgomery and Multan districts on 29th 
July probably came from Bahawal^our side. 

August . — During August locust activity went down in the country. 
No breeding took place in Baluchistan; swarms were recorded in Lasbela, 
Elalat, Sibi, Lotalai and Zhob (Baluchistan), Karachi, Nawabshah and 
U. S. Frontier district (Sind) Bahawalpur State, Jaisalmer, Jodhpur, 
Bikaner, A jmere-Merwara, Jaipur, Dholpur states of Rajputana; Dehra 
Dim, Meerut, Bulandshahr, Budaun and Mainpuri districts of the United 
Provinces and D. G. Khan (where they were very active), Muzaffargarh, 
Multan, Jhang, Lyallpur, Multan, Montgomery, Lahore, Ludhiana, Feroze- 
pore, Punjab States, Hissar and the Gurgaon district of the Punjab. 

Eggs were recorded from Jodhpur (W. E.'^‘ 15, 22, 30), Jaisalmer (W. 

E. 15, 25 and 27), Ajmer (6, 12, 17 and W. E. 22) in Rajputana, Buland- 
shahr (16) in the United Provinces, Plissar (5, 8, ii, 14), P'erozepore (9, 
13, 17, 19), Ludhiana (7, 17) in the Punjab and D. G. Khan (10) and 


^ W. E. — week ending. 
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Punjab states (lo) in the Punjab. Hoppers were noticed in Jodhpur, 
Jaisalmer, Ajmer-Merwara and Bikaner. in Rajputana, Gurgaon, Hissar, 
Ferozepore, lyiidhiana, Montgomery and D. G. Khan in the Punjab. The 
last date of the presence of hoppers in the Punjab was in the week ending 
30th (Hissar). 

September . — During September swarms were present in Baluchistan 
(Kalat, probabty Mekran region, Sarawan, Roralai, Zhob, Jhalawan and 
Fasbela), Sind (Farkana, Karachi, Nawabshah and Tharparkar districts), 
and states of western India (Jhalawan, 25th). In Rajputana they had 
concentrated in Jodhpur and Jaisalmer states and were also recorded in 
week ending 5th September" in Alwar state. In the Punjab they were 
recorded only upto the iith in D. G. Khan, Fyallpur, Jhang. Mianwali, 
Ferozepore, Gujranwala and Sialkot districts, but after that date they were 
only recorded in Gurdaspur on 29th instant. 

Eggs were laid in Jodhj)ur (W. E. 12), Rajputana, Nabha (Punjab 
states) and Karachi (Sind). Ploppers were reported from Mekran (Balu- 
chistan), Tharparkar (Sind), Jodhpur, Jaisalmer and Alwar (Rajputana). 

October . — During October locusts were mostly absent from the Punjab. 
They were, however, recorded from the Chamba state (where the}^ had 
most probably come from the Gurdaspur district) on 7th and 8th October, 
flying from north-west to south-east ; and from D. G. Khan on 29th 
flying from north to south. They were re^Dorted from Rajputana (Jai-‘ 
salmer), states of western India (Palanpur, Sorath and Cutch), Sind 
(Sukkur, Tharparkar, Hyderabad, Nawabshah, Rarkana and Karachi) 
and Baluchistan (Kalat). Hoppers were noticed in Jaisalmer (Rajputana) 
during the week ending 24th October. 

November . — During November, Bundi, Sirohi, Jodhpur, Jaisalmere 
(Rajputana), Palanpur, (states of western India), Sukkur, Tharparkar, 
Hyderabad, Nawabshah, Rarkaiia, Karachi (Sind),.Fasbela, Pasni, (Mekran) 
Turbat and Mashkai (Baluchistan) reported locust fliers. 

December . — During December fliers were. jDresent in the central and 
western Kalat (Baluchistan). 

X. UOGUST POSITION APTEP I931 

We have already observed that locust campaign was successful^ 
carried out in India during 1931 and consequently in December of that 
3"ear locusts were only recorded in central and western Kalat ; with this 
the mass swarming that had started towards the close of 1926 and had 
continued during the next five 3^ears (1927-1931) came to an end. After 
1931 as indicated in the table given below only a few stray individuals 
or swarms were reported in 1932, from a few localities in Baluchistan, 
Sind, Rajputana states and the Punjab. The survey parties of the Rocust 
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Research Scheme also observed some mdividuals of the solitary phase 
breeding in Mekran (Baluchistan) in 1932- 


Table showing movements of swarms in India in 1932 


District 

Baluchistan 

Mekran 

Lasbella 

Si7id 

Karachi 

States 
Palanpur 
Western Kath- 
iawar Agency 
Jaisalmer 


January • February May 


June August Sejflemhe 


18 


24 ^ 

(stray specimens 


End 


Some black 
coloured 
fliers 

18,20 

. 18 


Small swarms 
reported by 
zamindars 


26 


Punjab 
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. movement of swarms, routes followed and meteorological factors involved 
can only be studied wlien full. facts are available. 

XI. . RESUME OE EOCUST SITUATION IN INDIA, I926-3I 

The extensive desert belt comprising the North West India (Baluchis- 
tan, Sind and Rajputana), Iran and Arabia is one of the permanent homes 
of the desert locust of phase soHtaria {Schistocerca gregaria Forsk), but when 
the cHmatic conditions are suitable for multipUcation, e.g. timely and good 
rainfall resulting in .abundance of vegetation, in any one of these tracts 
they breed enormously, form swarms and fly at flrst in and about the region 
of their birth and with further increase in their number they invade the 
neighbouring tracts as well. This happened in North West India during 
the period 1920-26. Individuals of the solitary phase are known to have 
been breeding in the ' reks ' of Baluchistan during 1920-23 and with the 
advent of favourable season, to form small swarms within Baluchistan 
in 1923-25. In January, 1926 there' was good rainfall and ample vegetation 
in this region (Rao, 1933) resulting in mass breeding and formation of swarms 
which spread further east in Sind and Rajputana in the summer of that 
3^ear (June) and from there invaded south-west Punjab in December, 
1926. In January, 1927 a few swarms entered south-east Punjab, from 
Rajputana side and in the next few months spread over east Punjab and 
west U, P. Ill June, 1927 they went as far east as Muzaffarnagar, 
Palamau and Shahabad districts of Bihar and Orissa. In this manner 
swarming from the permanent breeding grounds to the other province of 
northern India continued for five successive years (1926-31). 

Noskov (1928), Moritz (1928), Fletcher (1931) etc. have recorded 
evidence to show that in the winter of 1926-27, overwintering desert locust 
migrated from Baluchistan to Iran and bred there. On the other hand, 
for 1927 and 1931 it has been recorded that during the spring the desert 
locust migrated from Iran to Baluchistan. Instances like these clearly 
show how interdependent India and the adjoining tracts of Iran and 
Afghanistan are in dealing with locust j)roblems. Therefore, in considering 
locust situation in India it is necessary to take into account the climatic 
conditions and locust situation in Iran also. Since a similar interdependence 
exists between Iran and Arabia locust situation in Arabia must equally 
concern us. 

As observed above the ' centre of outbreak ' of the last invasion 
in India (1926-31) was the coastal region of Baluchistan where there Iwere 
incipient swarms as early as 1923. By 1925 they were swarming all over 
Kalat and Sibi (Baluchistan) and were observed breeding in Dera Ghazi 
EJian (Punjab). In January 1926 Mekran received heavy precipitation 
and locusts multiphed there. Same thing happened in Kachhi tract 
during spring 1926 (Rao, 1933). The swarms of fliers migrated eastwards 
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and spread over Lasbela, Karaclii, Tharparkar -arid Jodhpur during 
July-October and bred there. Adults of the next generation, i.e. the summer 
brood, travelled south from Tharparkar (Sind) and Jodhpur (Rajputana) 
and invaded states of western India in November 1926. On the northern 
side they were swarming in Sibi and Roralai during November and from 
Sibi invaded the Punjab in December, through its south-western corner, 
i.e. D. G. Khan district. These swarms having augmented the number 
of fliers indigenous to D. G. Khan swarmed into Doralai (Baluchistan) 
during December, 1926 and west and central Punjab during January, 
1927. The Mekran swarms invaded Chagai during December and must 
have travelled farther and entered Iran during winter (1926-27), where 
they were noticed breeding during the spring of 1927. 

The eastern Punjab was invaded through its southernmost corner 
(Gurgaon district) in the end of January, 1927, most probably from Raj^ 
putana side, and by the beginning of March these swarms travelled as far 
north as Ambala (Punjab), Sirmur State and Dehra Dun (U. P.) where 
they started breeding. 

West Punjab received fresh swarms from Sind on ist February, 
again through Dera Ghazi Khan district. 

Overwintering adults concentrated during January in Chagai, Quetta,' 
Kalat etc. in Baluchistan and bred there profusely during spring- of 1927. 

In June 1927, swarms reached as far east as Bihar (Muzaffarpur 
86°E) and swarmed over that province during July. 

Thus^ the outbreak that originated in Mekran in the spring of 1926 
spread in all directions, reaching Hazara (34° N) in the N. W. F. P. in January 
1927 in the north. States of Western India (22°N) in November 1926 in 
the south, Iran (62° E) in winter 1926-27 in the west, and Bihar in June 
1927 in the east. 

In the latter half of 1927, the locust bred mainly in south-east Punjab 
and Sind. Between September 1927 and March 1928 locust activity had 
dwindled down to such an extent that during that period we heard of locust 
activity only from coastal regions of Baluchistan and Sind. Eggs were laid 
in Mekran in January 1928. Unfortunately, at this time Iran was heavily 
infested with swarms, a number of which invaded Baluchistan through 
Chagai as far as Sibi. They entered the Punjab through D. G. Khan dist- 
rict in the last week of April, by the end of May the whole of the Punjab 
and north-west parts ef U. P. (3i°N. 80° E) were thoroughly infested. 
During the spring the locust bred m Baluchistan and west Punjab only. 
This spring brood of Baluchistan having acquired wings swarmed eastwards 
in June, and invaded Sind. During summer (1928) breeding was reported 
only from south-east Punjab.; From August upto the end of 1928 only 
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a few locust swarms were reported from the Punjab, namely, from Mont- 
gomery and Multan districts in November and Attock district in December. 
Docust was, however, active in Baluchistan and Sind from September to 
November. 

This state of comparative inactivity of the locust continued upto 
the end of March, 1929. During these three months the only reports were : 
during January from D. G. Khan., Shahpur (Punjab) and Kalat (Baluchis- 
tan), during February from Sibi (Baluchistan) and during March from 
Kalat, Quetta and Zhob (Baluchistan). Intensive activity began in April, 
when the locust, after spreading over the whole of Baluchistan, invaded 
the Punjab through the D. G. Khan district, and by the end of the 
month spread over the whole of the province and even reached as far 
east as some north-western districts of the U. P. (8o°K). During January- 
April, 1929 the locust bred in Baluchistan, west Punjab and Bharatpur 
(Rajputana). Dike the previous year locust from the Baluchistan swarmed 
into Sind in June. 

During summer of 1929 heavy breeding took place at numerous 
places in Baluchistan, Punjab, Rajputana and west half of the U. P. The 
adults that acquired wings in October spread further towards east from 
western U. P. and Rajputana during October-November, reaching as far 
as Ballia district (84"' E) in Bihar. However, they could not survive long 
there. While during December, western U. P., Punjab, Sind, Baluchistan 
and States of Western India were heavily infested with locusts, there was 
no swarming or breeding in eastern U. P. 

During January 1930 locust situation continued to be as serious 
as in December 1929, but breeding was restricted to Mekran coast. During 
the following month breeding was more extensive. Ovipositions occurred 
in Baluchistan, Sind, west Punjab and west U. P. March to June wit- 
nessed a further extension of locust invasion area towards the east, so 
that in June the Province of Bihar was also locust infested. During July, 
the Punjab received fresh swarms from Sibi, and Central India from the 
adjoining provinces, while on the other hand the U. P. and Biliar were 
almost free from locust swarms. Further movements of the locust swarms 
towards the east took place in September when they flew over Bihar and 
Bengal and reached Goalpara (Assam) in October, Sibsagar (Assam) in 
November and touched the north-eastern extremity of Assam at Dakhimpur 
(95°E) in December. During the whole swarming cycle (1926-31) it was 
only during these months that the swarms invaded Bengal and Assam. 
They were not able to breed here. 

The intensive breeding that took place in Rajputana and the United 
Provinces during the spring of 1930 resulted in huge swarms many of which 
took southernly direction during July and invaded Central India .and the 


Shidies on Schistocerca Gregaria Forsk 319 

Central Provinces. By August the swarms extended as far south as 
Warangal (i8“N> 8o°E, Hyderabad — Deccan). In the succeeding months 
swarms that had entered into the inhospitable regions lying south of Raj- 
putana died out without breeding. Thus during December we had report 
of locust swarms only from Seoni (C. P.) and some States of Western India. 

The Punjab -and the United Provinces, were practically free from 
locust menace during September, and Sind and Baluchistan during Octo- 
ber. In - Rajputana, however,- locusts were present throughout the year 
except during December when they migrated wholesale to States of 
western India and the Punjab. Thus in January, 1931 we find Rajputana 
completely free from locust swarms. ‘ 

During the spring of 1931 locust activity was extremely poor. During 
January reports of stray swarms were received from Bihar, the United 
Provinces and the Central Provinces and western India ; during Febru- 
ary from Western India only ; and in March only from Montgomery dist- 
rict of the Punjab. 

In 1931 locust activity really commenced in April. A few local 
swarms were reported from Uasbela, while Chagai received fresh locust 
invasion from Iran and Afghanistan sides. In the succeeding months 
the swarms spread over the whole of Baluchistan, Sind and Rajputana. 
West Punjab was invaded in June through D. G. Khan district. It was 
a very mild invasion and the locust bred only in D. G. KJian and Mont- 
gomery districts. The eastern Punjab and western U. P. received swarms 
from Rajputana during July where they heavily oviposited. Uuckily cam- 
paign against locust was in full swing by now and most of the eggs were 
destroyed. Their progeny was therefore not numerous. During sum- 
mer of 1931, reports of intensive breeding were received from Rajputana, 
while there was no breeding in Sind and Baluchistan. From September 
onwards we heard very little of locust activity. In' December a swarm 
was reported from Kalat only. During 1932 no regular locust invasion 
or movement of swarms was reported. Only from a few localitis in 
Baluchistan, Sind, Rajputana and the Punjab we had reports of stray 
swarms, which were remnants of swarms of the previous year. 

Conclusions 

From the observations recorded in this report the following import- 
ant conclusions may be stated and it is suggested that special attention 
be paid during the next invasion to confirm these conclusions. 

The flying swarms are capable of visiting the far off corners of India. 
During the last invasions swarms went as far east as Fakhimpur (Assam), 
as far south as Warangal (Hyderabad), but no eggs were laid and no hatch- 
ing of hoppers reported from beyond Barabanki, Fucknow in the east and 
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"West Chagai (28-29°N; 62-66°E) 


Dec. 1930-May 1931 



June-Dee. 1931 


I East 
I North 


f South 


Jhalwan (25-29°N; 65-67°E) 
Sarwan (29-5°N, 66-5°E) 

Agra (27°N; 78°E) 

T. Territory (32-36°N; 70-73°E) 
A. Merwara (26°N; 75°E) 


Appendix I 


position, hatching and swarming of locust in India 
from 1926—1931 


HOPPERS 


ADULTS 


Months 

I Locality 

Months I 

Locality 

Months 

Oot. 

Lasbela (25°.5N; ,65-67°E) 

Oct.-Nov. 

Lasbela (25°. 5N ; 65-67°E) 

Aug.-Nov. 


• 'i 


Palanpur (24°N ; 72°E). 

November 




Nawabshah (25°.o-27°N; 68°.5E 

November 

March 


March- 

Halar (22°N; 71 °E) 

November 

April 

March 

March 

Jlianwali (31-33°; 71°.5E; 

D. Dun (31 °N; 78°E) 

R. Pindi (33°.6N; 73°E) 

May 

April- 

May 

March- 

May 

Lasbela (25°.5N; 65-67°E) 

D. Dun (30°N; 78°E) 

Hazara (34°.5N; 73°E) 

March- May 

April-May 

Eeb.-May 

April ? 

Gurgaon (28°N; 77“E) 

April 

Sorath (21°. oN; 70°.oE) 

Dec. -January 

June- 


July- . 




July 

Karachi (24-26°N; 67-68°E) 

August 

Lasbela (25°. oN; 65-67°E) 

June-Aug.; Oct. 

June 

D. Dun (30°N; 78°E) 

June 

Bhagalpur (24°.5'26.5°N; 87°E) 

July 

Aug. 

Hazara (34.5°N; 73°B) 

June 

Hazara (34.5°N ; 73°E) 

June 

June- 

July 

Karachi (24-26'’N; 67-68°E) 

July 

Halar (22°N; 71 °E) 

November 

? 

M. Garh (29-31°N; 71-72°E) 

May 

Mekran (26°N; 62-65°E) 

9 

April- 
iMay ? 

Gujrat (32°.5N; 74°E) 

May 

P. Garhwal (30.5°N; 79.5°E) 

i\lay 

May 

? 

April- 

Attock (33°N; 72°E) 

May 

Attock (33°N; 72°E) ' 

April-May 

May 

M. Garh (29-31°N; 71-72°E) 

May 

Kohehvar (21.5°N; 72°E) 

March 

July 



Lasbela (25°.oN ; 65-67°E) 

July 




Almora (29-30°N ; 72-81 °E) 

June 

July- 



R. Pindi (33°.5N ; 73°E) 

J line- J uly 

August 

April 

March- 



Karachi (24.26°N ; 76-78°E) 

June-Oct. 

April 

Attock (33°N; 72°E) 

May 

D.G.Khan (28.5-31. 5°N; 70.5°E) 

Jan .April; June 

Dklay 

April- 

Shahpur (32°N; 72°.5E) 

April 

P. Garhwal (30°.5N ; 79°. 5E) 

April; May 

May 

Attock (33°N; 72°E) 

May 

Hazara (34°.5N ; 73°E) 

May 

April 

Shahpur (32°N; 72.5°) 

April 

Hissar (29-3 0°N); Jo-76°E) 

i\Iay 

October 

Hyderabad (Sind); (25°N; 69E) 

Sept. 

Mekran (26°N ; 62-65°E) 

October 

Nov. 

Aug,- 

Barabanki (27°N; 81 °E) 

Nov. 

Ballia(26 ; (26°N ; 84°E) 

November 

Sej^t. 

Sept.- 

R. Pindi (33.6°N; 73°E) 

Sept. 

Oct. 

R. Ih'ndi (33.5°N ; 73°E) 

Aug.-November 

Oct. 

April - 

Hyderabad (Sind) (25°N; 69°E) 

Sept. 

Sorath (21.5°N. 70.5°E) 

Oct. -November 

May ? 

Sarwan (29.6°N; 86.5°E1 

May 

Chagai (28-29°N; 62-66°E) 

April 

April 

Mainpuri (27°N; 79°E) 

April 

Gorakhpur (26.5°N; 84°E; 

May 

Feb. 

Attock (33°N; 72°E;) 

May 

R. Pindi (35°.5N; 73°E) 

Dec.- Jan. -May 

May 

Mainpuri (27°N; 79°E) 

April 

Kohehvar (21°.5N; 7*2°E) 

December 

June 

Lasbela (25°.5N; 6o-67°E) 

Aug. 

Mekran (26°N; 62-65°E) 

Sept.-Oct. 

Aug. 

Lucknow (27°N; 81°E) 

Aug. 

Sibsagar (26°.5N; 94°E) 

November 

Aug. 

R. Pindi (33°.5N; 73°E) 

Aug. 

T. Territory (32-36°N; 

70-73°E) 

July-Aug. 

Sept. 

Palanpur (24°N; 72°E) 

Sept. 

( 

1 

rVarangal (17°.5N; 80°E) 
Hyd.-Deccan) 

r Mekran (26°N; 62-65°E) 

Sept.-Ocr. 

March 

Chagai (28-29°N. 62-66°E) 

March 

1 

Chagai (28-29°N; 62-66°E) 
Kharan {27.29°N; 63-66°E} 

April-May 



■ 

-1 

1 

.akJrmipiu* (27°.5N; 95°.5E) 
Assam) 

December 





r. Territory (32-36°N; 

70-73°E) 

May 

June. 


June- 

Sorath (21.5°N; 70.5°E) 

December 


Jhahvan (25-29°N; 65-67°E) 

July 

Chagai (28.29°N; 62-66°E) 

Mekran (26°N; 62-65°E) 

June-Dee. 

July ? • 

Sarwan (29-5°N; 66-5°E) 

July 

Jun.-Aug.-Nov. 

July ? 

Agra {27°N; 78°E) 

July 

Hardoi (27°N; S0°E) 

J uly 

Aug. 

T. Territory (32-36°N; 70-73°E) 

Aug. 

T. Territory (32-36°N; 70-73°E) 

June 

Dec. 

A. Merwara (26°; 75°E) 

Sept. 

Sorath (2r.5N; 70°.5;E) 

October 



Appendix II 


Limits of ovipositim. Utching ani mctrmmi »/ locust in India during 
the swarming period 1926-1931 


North 



Eggs 



Hoppers \ 

Tribal territory 


Adults 


""Eggs 

West Hoppers 

^Adults 

Mekran 

& 

Chagai 

Ballia* Eggs ■ 

Bucknow Hoppers y East 

Bakhimpur Adults J 

Eggs 

Hoppers 

Palanpur (States of Western India) 

Adults 

1 

J 

Warangal (Hyderabad-Deccan) 


South 


* Report of ocust eggs in Ballia (U. P.). in lit. 18.xi.29. from Collector Ballia to 
Entomologist. ‘ A swarm of locust reached Sikandarpur and a number of locust stayed 
behind in the neighbourhood. Sojne eggs have been found ' 
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THE INTERNAL ANATOMY AND DESCRIPTION OE 
HEMIMERUS DEGEPTUS VAR. 0 VATUS DEORAS 
(DERMAPTERA), WITH REMARKS ON THE 
SYSTEMATIC POSITION OE HEMIMERIDiE* 

By P. J. Deoras, m. sc., ph. d. (dunbrm), 

Assistant to Imperial Entomologist, Imperial Agricultural 
Research InstiUite, New Delhi. 
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I. Introduction 

Hansen (1894) and Jordan (1909) were the earliest workers to carr^^ 
out anatomical studies on Hemimerus. Heymons (1909 and 1912) 
contributed a great deal to the studies of the genital system and the 
embryolog}^ of the genus. Recently Rehn (1935) described a large number 
of species taken on the body of Cricetomys gambianus in South Africa. 

Much, however remained to be done on the internal anatomy and 
systematic position of Hemimerus. An- account of the external anatomy 
and the relationship of Hemimerus deceptus ovatus to its host, has already 
formed the subject of a paper (Deoras, 1941) ; the present paper deals only 
with the internal anatomy and the systematic position. 

II. Material and methods 

. . The material for the studies was collected in Tanganyika (East Africa) ; 
some fixed in Bouin s fluid and. others preserved in alcohol. 

*Tliis work was carried out in the Zoology Department, lUng’s College, University of Durham, 
" Newcastle-upon-Tyne, England. 
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Figs. 1 to 6. The digestive system 

1. The entire digestive system ; sq. salivary gland ; 
m. oesophagus ; cr. crop ; qz\ proventriculus ; si. stomach ; 
ml. malpighian tubule ; in. intestine ; rl. rectum. 

2. The rectum sho^ving the rectal papilla. 

3. The anterior part of digestive tract phar 3 "nx ; 
6. brain * c. cervical region 

4. A part of the proventriculus opened long itudinal- 
ly, d&r. distal end of the crop, near the opening of the 
proventriculus ; Im. longitudinal muscles ; op. outer co- 
vering of the proventriculus ; o. outer wall of the stomach 
that meets with the proventriculus ; p. peritrophic mem- 
brane ; ie.. teeth of the proventriculus. 

5. The top of the muscles covered with spines. 

6. The distal teeth of the proventriculus in an 
opened state. 


A Special method was 
adojDted for the study of the 
respiratory system. The insects 
were kept in cold caustic 
potash (lo %) solution for 
twent3^-four hours, at the end 
of which ^ all the internal 
organs were carefully washed 
out. They were then kept in 
hydrogen peroxide for twelve 
hours and thoroughly washed 
with water. After leaving 
them in 70% alcohol for 
sometime, a few drops of van 
Giessen's stain were added to 
the alcohol. After about ten 
seconds they were washed in 
90 % alcohol, dehydrated, 
cleared and mounted in bal- 
sam. Only the trachea took 
up the stain, while the other 
organs remained colourless. 

III. Intbrnau anatomy 

Digestive system (Figs. 1-6). 
— The mouth opens into a 
buccal chamber leading into 
the pharynx, the sides of 
which are strengthened by 
flattened posterior arms of 
the suspensoria of hypopha- 
rynx. The pharynx passes 
through the brain and is - 
continued as the oesophagous 
(Figs. I and 3, oe) in the 
cervical region. The oesopha- 
gous leads into the dilated 
crop (Fig. I, cr), which ex- 
tends to the first abdominal 
segment. On the side of the 
crop is a pair of sahvary 
glands. 

The crop leads into a 
narrow muscular region — ^the 
proventriculus or the gizzard 
{gz). The internal opening of 
the crop into the gizzard 






(Fig. 4, der) is guarded by six longitudinal bands of muscles [Im), covered 
with minute spines. The posterior part of gizzard projects into the 
lumen of stomach, where the six bands of longitudinal muscles bear 
six stout curved teeth (Figs. 4 6, te). The curved ends of these can 

approximated by the action of the longitudinal muscles, thus partly 
closing the opening of the gizzard into the stomach and acting as a cardiac 
valve. The stomach (Fig. i, st) extends from the second to nearly the 
sixth abdominal segment and leads into the small intestine, which is occas- 
sionally looped at its proximal end. On the anterior part of this loop lie 
24 malpighian tubules (Fig. i, ml) in four groups — two anterior grouj^s 
of seven, and two posterior groups of live each. The maximum length of 
these tubules is 6 mm. 

The food in the stomach is enclosed in a peritrophic membrane 
(Fig. 4, ^), hanging freely in the stomach cavity. Just in front of the 
entrance to hind gut, this membrane is folded U23on itself, 2)^esumably 
acting as a pyloric valve. The rectum is ovoid (Fig. i, r/), studded with 
six oval papillae and is supplied with many tracheal tubes. 

The contents of the digestive tract included loale scurf, bits of hair, 
black fungal spores, dark globules of an amoriDhous grey powder and some 
oily substance. The jDale scurf resembled the external scr airings taken 
frorn the skin of the rat at the Hancock museum, Newcastle-ui)on-Tyne. 

Nervous system (Figs. 7-15). — It consists of two ceiDhalic, three thoracic 
and six abdominal ganglia, with longitudinal commissures between them.' 
The cephalic ganglia consist of cerebral (Fig. 7, eg) and suboesophageal 
ganglia, connected by circumoesophageal commissures. 

The cerebral ganglion is about i mm. in dejoth and has no optic 
lobes, but carries two small nerves (Fig. 8, pii) anteriorly. The deutocere- 
brum carries two stout nerves to the antenna [an), and two commissures 
[coe). The tritocerebrum has two small anterior arms [ant), enclosing 
a cavity [ca), through which passes the oesoi)hagus. The anterior arms 
of the tritocerebrum give off two fine nerves anteriorly and also laterally, 
the latter meeting above the pharynx pre.sumably form the frontal 
ganglion: 

The suboesophageal ganglion (Figs. ^9, 10) is pear-.shaped, convex 
ventrally and flat dorsally. It gives off antero-ventrally two nerves, 
which bifurcate, the branches [mn) sui)2)ly the mandibles. Another 
nerve [m%) supplies the maxilla, and a third branch [hyb) supplies the 
region of the hypopharynx and the ligula. 

The first thoracic ganglion (Fig. 13) is globular and is situated bet^veen 
the arms of the apophyses of the first sternum. It gives off three lateral 
branches,, which subdivide and supply the viscera. The second thoracic 
ganglion (Fig. 14) is bigger and lies between the apophyses of the second 
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-sternum, giving off the same number of branches as the first. The third 
one is at the centre of the third sternum and gives off four branches. 



8. The entire brain (to scale), 'pn. anterior nerve branch of the protocerebrum ; an. 
nerve to the antenna ; coe. circumoesophageal commissure ; ten. tentorium in section ; ca. cavity 
between the arms of the cerebral ganglion ; ant. anterior arm of the tritocerebrum ; tr. transverse 
connective .of the circummsophageal commissure. 

9 and 10. The dorsal (9), and the ventral (10) views of the suboosophageal ganglion (to scale) 
mn. mandibular nerve branch ; mx. maxillary nerve branch ; liyh. branch to the hypopharjmx ; 
pos. posterior longitudinal commissure. 

11. The connection in between the longitudinal commissures in the fifth abdominal 

region. ^ . 

12. The position of the second thoracic ganglion in between the endosternites of the 
'apophyses. 

. 13, 14 and 15. The 1st (13), and 3rd (14) thoracic ganglia and the last abdominal (15) ganglion 

15 (to scale). 

The first, ■second, third and the fourth abdominal ganglia, lie in the 
centre of the corresponding abdominal segments and each ganglion 
•gives off about t-wo lateral branches.- The fifth and the sixth ganglia lie- 
in the fifth abdominal segment and- the latter is the biggest of the abdomi- 
-nal ganglia (Fig.’ 15), -giving off a .number of branches which reach the 
■fast ■ segment of .the animal.- The longitudinal commissures (Fig. 7, lo.n), 
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whicli connect the ganglia of 
the trunk region, have a ten- 
dency to converge posteriorly; 
between the fourth and’ the 
fifth abdominal ganglia they 
are connected by a trans- 
verse band (Figyii, fii). 

Respiratory system (Figs. 
16-22). — There are ten pairs 
of spiracles, of which the first 
three lie in the thorax and 
the remainder in the abdo- 
men. 

The first thoracic spiracle 
(Fig. 16, sp) is elliptical and 
lies posterior to the epi- ^ 
meron of the first thoracic 
pleuron, above the first pair 
of cox3e. The spiracular open- 
ing (Fig. 22, so) has a hard 
rim surrounded by a chitinised 
ring, open anteriorly-. The 
posterior part of this ring is 
constricted [ce) and under- 
neath. it are muscle-fibres 
[mu), which extend towards 
the coxal region. It is pre- 
sumed that these muscles can 
close the ‘ open ends of the 
ring, thus partly closing the' 
opening of the spiracle. Two 
pairs of tracheal tubes from 
this s^Diracle enter the head, 
lying over one another. The 
dorsal one is connected by a 
transverse commissure (Fig. 
16, t ) in the, neck region. 
The second pair of the 
spiracle lies in the posterior 
region of the mesothorax and 
differs slightly in structure ' 
from I the first. The third 
pair (Fig. 16, ahs) lies in 
the extreme posterior region 
22 



Figs. 16 to 22. The respiratory system. All figures 
are diagrammatic. 

16. The entire respiratory system ; t. transverse • 
commissure ; sp. first thoracic spiracle ; ml. main longi- 
tudinal trachea ; ahs. 1st pair of abdominal spiracle. 

17. Abdominal spiracle as seen from inside 
sternum, s. spiracular opening ; st. notch where the 
spiracle opens. 

18. The spiracular covering dissected out, si. 
sieve-like covering. 

19. Lower part of the spiracular apparatus, mup. 
muscular pouch ; cli. incomplete chitinised band. 

20. An abdominal spiracle, clio. open end of the 
chitinised band. 

21. Abdominal spiracle as seen from the inside. 
Lettering as in 19 and 20. 

22. A thoracic spiracle as seen laterally, so. spi- 
racular opening ; ce. constricted part of the outer ring ; 
cl. closed end of the outer ring ; mu. muscles. 
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of the metathorax and in fact belongs to the first abdominal segment, 
as the main branch issuing from it supplies the first abdominal segment. 
The structure of the third and the succeeding spiracles is 
similar. They consist of a chitinised circular ring surrounding a mesh-like 
membrane (Figs. i8, 20, 2i, si). Under this ring lies an incomplete, circular 
chitiifised band (Figs. 12, 2X, 'cJi). Anterior to its incomplete end lies a 
small membranous pouch (Figs. 19, 20 and 21, mup) the distal end of which 
is directed towards the body. Some muscle fibres are seen between the 
open ends of the band- and the pouch. It appears that the closing of this 
opening is brought about by these muscles, which close the ends of the 
band. ' ' 

The first abdominal spiracle lies near the first reduced sternum, while 
the other pairs open ventro-laterally at a notch (Fig. 17, st) in the respective 
sterna of the abdominal segment! 

-A longitudinal trachea'-'runs on each side of the body connecting the 
main tracheal tubes. The presence of fine dust and grey powder in the 
trachea of rnany specimens, throws doubt on the efiicacy of the 
guarding mechanism of the spiracles. 

ReprodticUve system . — ^Female (Figs. 23, 24). The ovary in mature 
specimens consists of eight to nine panoistic ovarioles, containing one egg 
each. At the apex of each ovariole. is a terminal filament, and posteriorly 
each ovariole opens into the oviduct (Fig. 23, ovi), which dilates and opens 
into the capacious uterus {td). The saccular uteri end in the vagina {vg), 
which opens on the inner ' sides of the rudimentary eighth and ninth 
sterUa. Heymons (1912) described the female genital system in detail and 
according to him the connection between the young one and the mother 
insect is very highly developed in this group, it may be regarded akin to 
the placenta of mammals. . 

Except for the number of articulations on the antenna, the young 
Hemimerus does not externally differ much from the adult. 

Male (Figs. 25-29).-^The male reproductive system is complicated 
and may conveniently be described under three headings : i.. free-lying 

parts, ii. covered parts and iii. chitinised covering. 

i. Free-lying parts. — consist of two coiled masses of tubular 
testes lying on the alimentary canal, between fat bodies and malpighian 
tubules. Each testis consists of two tubules (Fig. 26, tes) . The vas de- 
ferens {vd) loops over the eighth tracheal trunk, runs ventral to the testis 
and opens into the epidedymis (Fig. 25, 26, ep). The epidedymis opens on 
the ventral side of a semi-circular, membranous sac — ^the vesicula semi- 
palis (Figs. 25, 26, vs). This sac lies over the anterior part nf a muscular 
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organ (w). The vesicula seminalis is prolonged on the left side, and 
encloses a thin duct which opens on the ventral side of this muscular organ. 
This duct is the beginning of the ductus conjunctus (Fig. 25, . 

ii. Covered parts (Fig. 27). — On entering the muscular organ, the 
ductus conjunctus enlarges to form the ductus" ejaculatorius [dj), iiom 
which two branches diverge posteriorly. These ducts and branches are^ 
enclosed in membranous sacs {djm, djr, and djl). The branches enlarge 
posteriorly where their lumen is beset with minute spines. This spiny 
enlarged region is the virga [vir) ; the virgae open into a common 
endophallus (Fig. 27, en). The inner walls of the endophallus bear curved 
spines. The disto-lateral walls of the phallus are inserted in the cavity {pp) of 
the parameres {par), while the rest of the phallus lies in loose folds bet- 
ween them. In the everted state the loose folds of the phallus (Fig. 26 ; 
a&) and the endophallus are thrown out, thus the opening of the virgse 
appear externally (Fig. 26, vir). Between the virgae and ventral to the 
endophallus is an accessory gland (Fig. 27, ac) composed of small, 
elongate tubes, within a membranous covering. This is the preputial " 
gland, which is dilated at its opening \aco) in the endophallus. AH the 
above parts lie inside the muscular organ (Fig. 26, m). 

hi. Chitinised covering (Figs. 26, 28). — This whole region may be 
divided into three parts, the anterior, the central and the posterior. The 
anterior part (Fig. 26, m) covers the accessory gland and the anterior part 
of the ductus ejaculatorius. Dorsally it bears two chitinised bands 
(Fig. 26, h), which converge posteriorly and meet the chitinised sclerites 
situated there. The area between these bands is incrusted with brownish 
markings. In the central region, these chitinised bands (Figs. 26, h ; 28, b) 
are continuous with a plate of chitin (Fig. 28, dib), which is drawn out 
distall^^ On the inside of this plate lies an- oval membranous area [mem), . 
to which are attached numerous muscles. Over this area lies a crescentic 
plate of chitin {cp), which is continuous with the distal prolongation of 
the plate {dib). This central region encloses the virgaa and the phallus. 

The posterior part consists of the parameres (Fig. 2S, par) which- are 
proximately broad and hollow, being joined by a chitinous rod {chr). The 
right one {r) is larger and slightly curved. 

The working of the genital apparatus is presumed to be , as follows : 
The flattened digit of the hypandrium of male depresses the last sternum 
of female while the parameres guide the sedeagus to the vulva. The 
everted endophallus . attaches its spines to th^ walls of vagina, while the 
ends of the virgae are directed towards the opening of uterus. The double 
opening of penis is thus evident. The rods of chitin at the proximal end 
of hypandrium and the abundance of muscles in that region suggest that 
the evertion of - the penis may be almost instantaneous. 
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IV. Systematic position of hemimeridjb 

Discussing the systematic position of the genus Hemimerus, Hansen 
(1894) concluded that “ it belonged to Orthoptera, constituting a separate 
family, very closely allied- to the Forficulidse Jordan (1909) observed 
that Hemimerus and Arexenia do not indicate a close relationship 
Rehn (1935) thinks that the suborder Hemimerina is more closely related 
to Arexinina and Forficulina, than to any othet group of insects. 

To trace the systematic position of Hemimeridse one has to look for 
its resemblances to both primitive as well as highly evolved Orders of insects. 

The Hemimeridse have the following points in common with 
Thysanura : . , . 

i. Abdomen with ii segments 

ii. The presence of hypopharynx with superlinguse 

iii. The mandible with a prostheca 

iv. The glossae and the paraglossse reduced to a single lobe as 

in Japyx, that is, the reduction of the four-lobed condition 
to a bilobed one. , 

The points of resemblances between Hemimeridse and Orthoptera 

are : 

i. The general shape and structure of- head, thorax and abdomen. 

ii. The wingless condition of certain Blattidse 

iii. . The reduction of the tarsal joints from five to three 

iv'. The presence of vivipary as in Panchlora viridis. 

The two-lobed condition in Perla iminarginata (Hoke, 1924) ^ ^^^d the suspect- 
ed presence of the double nature of the opening of the penis (Walker, 
1922) ill the order Plecoptera shows a slight resemblance to the Hemi- 
meridse. 

The same remarks appl^f to the order Ephenieroptera, which exhibits 
the two-lobed ligula, superlinguse and also the double nature of the opening 
of the penis. 

• Members of the genus Hemimeriis are external parasites and. so are 
the insects belonging to Mallophaga. The parasitic mode of life in both 
these groups have modified the organs of the body in various ways, as a 
result of analogous parallel evolution. Many points of resemblances are 
thus seen, such as the shape of the body, absence of eyes and wings, alid 
reduction of many other parts of the body. 

The features so characteristic of the family Hemimerid^, are met 
with in the suborder Fortihculina, especially the superfamily Rabidurid^ : 
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i. The apterous condition [Anisolahis) 

ii. The eighth and the ninth tergites greatly reduced. The tenth 

sternum is reduced in both cases and lies over the bases 
of the cerci 

iii. The opening of the male genital duct is paired in Lahidura and 

Anisolahis 

iv. The structure of the alimentary canal, especially the mid- 

intestine with teeth and the peritrophic membrane as seen 
in Hemimenos, occurs in Forficula (Wigglsworth, 1930). 

It then seems clear that the family Hemimeridae has several characters 
in common with primitive orders like Thysanura and also a httle more 
highly evolved orders like Ephemeroptera. Walker (1922), in discussing 
the phylogeny of the Orthopteroid insects, has drawn a phylogenitic tree 
in which he includes all the above orders and some more, as being derived 
from a hypothetical order Palseodictyoptera. 

The nearness to Dermaptera especially ForficuHna, is further 
evident from' the following : Heniimerus is totally blind, has hairy unseg- 
mented cerci, and shows a tendency towards apterous condition, further 
the degree of parasitisation is doubtful. The suborder Forficulina includes 
sorde insects which have straight hair>^ cerci, shorv a tendency towards 
apterous and eyeless condition, a bilobed li^a and, a paired opening of penis. 
Hemiments ' shows primitive characters, while the suborder. Forficulina 
contains highly evolved forms such as Forficula, as well as primitive ones 
like Anisolahis oxidi Lahidnra. It therefore appears that the systematic 
position of the Hemimeridse probably lies within the suborder Forficulina. 

Burr (1915) stated that '' true earwigs fall into two groups — those 
with a pair of penes, the Protodermaptera, and those with one, the Euder- 
maptera He also added '' that Arixenia and Remimerus come near 
to Endermaptera, for there is a single direct preputial sac and ejaculatory 
duct Jordan (1909) nientions that the ductus ejaculatorius seems 
to divide where it enters the outer half of the organ of copulation, but he 
was not sure on the point. 

Snodgrass (1936) says, the exit ducts of Hemimenis open separately 
into the end sac of the penis— there can be no doubt that the organ has 
been produced by the union of the two penes, having the structure of the 
paired organs of Eabiduroidse 

From the description, of the male genital organs, it is quite clear to 
me that the ejaculatory duct and the penis opening in Hemiments is double. 
In view of this fact and those stated above, I beheve that the family 
Hemimeridae should be classed under Protodermaptera of Burr (1915). 

It has been mentioned by Burr (1915) “that Arixenia was Euderm- 
apterous and so were famihes ForficuHd^, Eabiid^, and Chehsochid^ 
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In the same work the two superfamilies Protodermaptera and Eudermap- 
tera are placed in the suborder Forficulina. Two separate suborders 
Hemimerina and Arixenina have been erected to receive just one family 
each, Hemimerid^e and Arixeniid^. Thus under the present system 
of classification the order Dermaptera is divided into three suborders, 
namely, P'orficulina, Hemimerina and Arixenina, the last two consisting 
of one family each. 

From. the above discussion it is clear that Hemimems is nearest in 
relationship to insects like Anisolabis and Labidura, of the family Eabiduridse. 
The present system of classification of the order Dermaptera is based on 
such characters as the shape of the forceps, nature of abdomen and 
pygidium. These factors are very variable. The character that seems mo.st 
constant in these insects is the nature of the opening of the penis, i.e., double 
or single. Considering the similarities between the families Hemimerid^ 
with Eabiduridae and also between Arixeniidse and Forficulida^, it seems 
possible to simplify the classification of Dermaptera as given below. The 
families in the first series are given in the order of the complete double 
nature of the opening to the partial union of the ejaculatory duct. 

Order Dermaptera 
Series i. Protodermaptera 

Families — Eabiduridse, Pygidicranidse, Apachyidse, 

Hemimerid^ 

Series 2. Endermaptera 

Families — Arixeniidse, Eabiidse, Cheliosochid^e, Forficulid^ 

The main characters of the first series are the same as given by Burr 
(1915), i.e,, double ducti ejaculatorius and the double opening of the penis. 
In the second series both of these are si 
. It will be seen that the other 
characters of the famihes grouped in 
the above series are more or less similar 
and make them a group. A detailed 
classification of the order Dermaptera 
is out of the scope of the present 
work and, therefore, these other charac- 
ters are not discussed. I have tried 
to show how the family Hemimerid^ 
could be re-classified after considering 
its affinities to the family Eabiduridse. 

It is hoped that a detailed study 
im this direction may alter the classi- 
fication of Boremans and Krauss (19^^) Burr (1915)- 
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parts of Hemimerus deceptus Behn, var. 
ovatus Deoras. D.E.F. — The distal abdo- 
minal parts of Hemiraerus deceptus Rehn 
(after Rehn). 


332 - P. .Deoras 

The present specimens are nearly akin to Hemimerus deceptus Reliii, 
but there are many differences in detail These are described below, while 
an indication of this new variety has previotisly appeared in a preliminary 
note (Deoras, 1940). 

Hemimems decepUts ovatus Deoras 

I. Length of The body from labrum 
to p3’^gidium, female — i . 8min 
.( average of 25 spiecmens ) 
male— II. 6mm. ' 

2. In female the proximolateral 2. There is no apparent difference 

sulciform impressions are vari- between the dextral and the 

able in their extent and sinistral proximodateral sulci- 

prominence, the dextral always form impressions 

broader and more deeply exca- 
vated than the sinistral . • 

3. The marginal carina of the last 3. The marginal carina in the fe- 
abdominal sternum in fe- male is ovate (Fig. 30;' A) 
male is sub-obtusely angulate. 

(Fig. 30, D) 

4. In female the distal margin 4. The distal margin of the last 
of the last abdominal tergite abdominal tergite is cOnical and 
is curved to a sub-obtusely an- converges evenly to a mid- 
gulate mid point. (Fig, 30, E) point (Fig. 30, B) 

5. In male the median length 5. The median length of the ulti- 
, of the ultimate tergum is equal mate tergum is half- the, width 

to the three-fifths of the api- 
cal width 

6. In male the lateral margins 6. It is evenly rounded and the 
of the penultimate tergite are distal margin has a narrow coii- 
subtruncate and the distal cavity. (Fig. 30, C) 

margin has a wide concavity. * . ^ 

(Fig. 30, F) . ’ • 

7. The mesothorax is the widest 7. The prothorax is the widest seg- 

segment in both male and fe- ment in both male and female, 
male. ■ , - 

From the above it -appears that there are two races of Hemimems decepius. 
One race occurs in Transvaal and the other in Tanganyika. Two specimens, 
male and female, have been deposited in the British Museum of Natural 
History, Loiidon, 


Hemimerus deceptus Rehn 

I. Length of body from Labrum 
to pygidium, female — 9.8 to 
10.5mm. male — 9.8 to 10.7mm. 
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Hemimems deceptus ovatus — ^T3^pe. — and female, • ]\Iorrogoro, 
N. E. Africa. Characters. — Head, thorax, abdomen, and the other- 
features are the same as that of H. deceptus Rehn., except for the diffe- 
rences eiiuiiierated above, with regard to the last abdominal segment, 
size of body, lateral impressions and geographical distribution. 
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VI. Summary 

The anatomy of the digestive, nervous, respiratory and reproductive 
systems -of Hemwievus deceptus var. dvctius ' is described in detail. The 
important features are the primitive characters of the nervous S3^stem, 
spiracular opening, and the double nature of the ejaculator3’’ duct, as 
well as the double opening of the penis. After a brief review of the 
affinities, this insect is shown to be allied to the suborder Forficulina. 
An attempt has been made to simplify Burras (1915) classification of the 
order Dermaptera 
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SHORT NOTES AND EXHIBITS 

Progress of the Locust Cycle of 1940 

In the last two issues of this Journal [ 2 (2) : 241, 1940 and 3 (i) : 139, 
1941 ] I reported about the commencement of a fresh cycle of the desert locust 
in India in the autumn of 1940 and described its development up to April 
1941. During the last summer there has been very heavy swarming of the locust ; 
this is briefly described below : — 

As already reported, there was no incipient swarming in Baluchis- 
tan during the last spring and early summer, which is one of the important 
sources for the swarms for Rajputana and other parts of India. From the 
end of June up to the first week of August two principal waves of immigrant 
swarms. came from countries beyond the western borders of India. They flew 
over, the whole of Rajputana and western Indian states, touching Hissar in 
the east and some western districts of the Punjab in the north, but they laid 
eggs mostly in the Lasbela State (Baluchistan), Tharparkar District (Sind), 
Kutch and Tharad States (western India), western parts of Jodhpur State, 
etc., which received fair amount of rainfall in August. Active breeding was in 
progress in these areas during July-September. Oviposition took place on 
several occasions and by the end of August hoppers of all stages were met with. 
The hoppers started becoming adults from the end of August 'onwards. The 
largest number of swarms originated from Tharparkar District of Sind, but 
Lasbela, Kutch, Jaisalmer, and some areas in Rajputana also contributed 
some swarms. The swarms which originated from Sind, Dasbela and Jaisalmer 
mostly flew in north and north-east direction and invaded the cultivated areas 
of North Sind, Kdiairpur and Bahawalpur States, south-eastern districts of 
Baluchistan and southern and south-western districts of the Punjab. The 
swarms originating from eastern Rajputana states also flew mostly from south- 
west to north-east direction and visited Alwar, Hissar; Muttra and Aligarh 
districts in the east, and in the southern direction the swarms flew over Bhopal 
and Indore in Central India and Hoshangabad, Nagpur and some other districts 
in the Central Provinces. These home-bred swarms laid eggs in several parts of 
Rajputana, Alwar and Gwalior States, Muttra and Aligarh 'districts of United 
Provinces. One swarm reached Madras Presidency. 

As the oviposition by the first batch of swarms took place in several 
series and breeding of second generation also started about the middle of 
September, we are having swarms up to the present date (25th November 1941). 
It would be recalled that last year the swa'rms continued to be active in north- 
west India right up to the end of December and restarted their activity in 
February. 

, New Delhi, November 26, 1941 HiSm Singh Pruthi 

Raising of a pure stock of Bemisia tabaci for virus transmission 

• Although specimens of Bemisia tabaci commonly occur on numerous 
host-piants almost throughout the year, it is not desirable to directly employ 
such specimens in experiments, as the results are invariably vitiated by the 
possibility of their already 'having ingested the virus by feeding on diseased 
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plants in Nature. Two methods were evolved in the course of experiments 
performed during 1936-41 : 

(f) One or two gravid females, collected from the field, were enclosed . 
in a micro-cage with a leaf of a healthy tobacco plant inside a larger cage for 
egg-laying. Soon after the eggs had hatched, the nymphs were transferred 
to^nother healthy plant and were allowed to develop into adults. In many 
cases the plant on which the eggs were first laid, ultimately developed leaf-curl 
as a result of feeding by the adult-flies, while the plant to which the nymphs 
were subsequently transferred remained healthy. 

[ii] A few white-fl}’ pupse were collected with a piece of its food-plant and 
were fixed on a health}* tobacco leaf by small pins through the outer leaf' tissue 
without injuring the pupae and allowed to remain until the adults had emerged. 
In no case did the disease develop on the plant on which the pupae were reared 
into adults. 

New Delhi C. K. S^uiuEi, 

PhthorimcBa operculella (Zeller) as a pest of potato leaves 

PhihorimcBa operculella is a very important pest of stored potato in almost 
all parts of the world. In America and vSouth Africa the species is also well known 
as a destructive miner in tobacco leaves and to a lesser extent in potato leaves. 
In India it has not so far been found as a pest in the field, its ravages 
being confined to the stored tubers only. It is known to mine potato leaves but 
the attack is seldom severe. During my visit to Dharwar {Bombay Presidenc}^ 
about the end of September 1941, I found that this insect was breeding in alarm- 
ing numbers on potato plants. The leaves vrere badly mined and etiolated. Hundreds 
-of moths were sheltering under small clods and cracks of the soil. On being 
disturbed, they come out in small s*warm 5 but settled down and concealed them- 
selves in the soil immediately.' The tubers under the soil *v*ere healthy but the 
danger to the crop which v.*as due to be hanrested short]}* is quite apparent 

-Ard7 Delhi ■ Ghul.^3I UllAh 

Some Butterflies from Delhi 

Though butterflies of the plains of India have been very eidiensively .studied, 
.very little exact information is available regarding their seasonal abundance, 
flight and other habits. About 60 species belonging to over half a dozen families 
occurring in Delhi and its emvirons were collected and studied by the writer. 

Most of the species were very common in gardens, sucking nectar from their 
favourite flowers, but CoUnis spp. (Piericke) were ob 5 en*ed in stony and open places, 
.sparsely co^*ered with such semi-xeropm-tic p^lants as Capparis aphylla and 
BoarJiaavia repanda. The Danaid Europea core prefers moist and shady to open 
places, v.'hile others Like Paptlio polytes and Papilio aristolochicB (Papilionida;) 
.prefer sheltering under b'ushes in the gardens. Ixias spp. (Piericke) are^geneially 
found vrhere Copparis sepiaria and Capparis spinarinn gre’.v in ab'undance. 

The males are more active than the females in the movements. In some 
Duttemies, like Jlypoli/yinas rnisippus. Eizero.^ y/iahamaha and Zizera irochilu.s 
puili, the males appear to be somewhat pugnacious in their courtship. 

^ Hours between 10 A.M.— 3 P.M. are ideal for collection of most of the 
species, wincii are us'aally fo*and on their favourite flovrers at this time, *ivhile 
most of them are rarely on wings in the earlv morning and late evening hours. 
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Dusty, windy and rainy days are not favourable for ];utterfly collection, as tliese 
generally remain sheltering under bushes and dense foliage of jdants. 

A further detailed account is under preparation. 

New'Delhi, ig-ix-1941 A. S. Jandu 

Arcyophora clentula Hamps., A new pest of pomegranate 

Arcyoplwra dentida (Acontianai : Noctuidee) was originally descriljed by 
Hampson in 1912 from specimens captured on wing. In 1940, I collected sojue 
caterpillars on pomegranate at New Delhi and reared the moths. 

The distribution of the species is as below : Syria, Mardin, Iran,' Mesr;- 
potamia. Western Turkistan, vSouth Ferghana, and from the Punjab, Campbell- 
imr, Bombay and Mhow in India. The j^resent is the first record from Delhi. 

The capterillars gnaw holes in leave.s, leaving at fir.st the ejn'dermis of one 
side intact, in between veins but ultimately almo.st entirely defoliating the phuit 
in considerable numbers from the middle of vSej>tember to the middle of October. 

The caterpillars are uniformly light green, .sparsely studded with long 
hyaline hairs. When full-grown, the caterpillar .spins a white conical silken cocoon, 
reinforced by soil particles in which it x^upates. The pupa is yellowish-brown ; 
lighter at the tail end and the ventral .surface, purplish-brown in the interseg- 
mental depressions ; sjuTacles brown ; imiMlimvdti:, abdominal segment fringed 
v/ith hairs at its po.sterior dorsal margin. 

New Delhi T, D. McKkKjiviv 


Feeding habits of some Mantids 

Though a. considerable amount of work on the general habits of Mantida; 
has been done, very little information is indeed available on their feeding habits ; 
this perhaps is due to the extreme difficulty of breeding Mantids in captivity on 
account of their truly voracious nature. 

A species of Hierodtda, common in Delhi, was studied in the laboratory 
of Im^jerial Entomologist. Several dead and living insects v/ere given 
as food. During its life-time of about 2 months, a single adult fed 
on over 150 insects, belonging to numerous order.s. During this period, 
ovv'ing to unavoidable circum. stances, the Mantid starved for nearly 20 days 
on the whole — thus it v/ould have consumed much more than it actually 
did if food were available. Indeed it was found to finish off vdthin a d?iy 
half a dozen specimens of the ak gras.s-hoj^per, a similar number of butter- 
flies and moths. Its daily bill of fare included the follovdng : — J^aedloccrus 
picitis — full grown nymiihs — 5, Acrida exaltcda — 4, Uietheisa pidchetta adults 
— I, a ]Mantid nymjjh — i, a Lygeid nymph — j. Adults of UteUieka, Dayiaida, 
Fapilio demoleiis, Syntomids, Lyceinids and caterpillars of Utetheka, Nyrnpha- 
lids, Pyralids and Pierids, Jassids, En^ytains and M elaccmthii': v/ere also included 
in the Ii.st. From this it is obvious that the role jdayed by various specif^s of 
Mantids in keeping imj^ortant j^ests under check in Nature is not small, 

Delhi ^ ' F. B. 

A Note on Myllocerus l^tivirens Marshall (Curculionid^) 

This v/eevil is found in Delhi on a variety ot plants but it is most aoundant 
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on a hedge-plant, Schinus terehinthefolms. The . adults heavily damage the 
tender leaves of plum and almond, which also appear to be their favourite food; 
Other food plants are pear, apricot, pomegranate, cotton, apjDle, citrus, lucerne 
and Grewia asiaiica. They are attracted to light in small numbers. The beetles 
feed very actively only at night and appear in enormous, numbers after showers 
of rain. 

Towards the end of June, the beetles copulate. A single female lays about 
40-45 eggs. The eggs are creamy-yellow, translucent,. 0.6 mm. long and 0.25 mm. 
broad. The incubation period is 4-5 days. The larvae, soon after hatching, 
are very active, and creamy-^^ellow in colour. The grubs feed on the roots of the 
food-plants and die if the roots get dried up. The adults are preyed upon by a 
spider and a Mantid, Empnsa pauperata F. Hibernation occurs in the 
larval stage underground near roots of their food-plants. The weevils are not 

attracted to light. 

/ 

New Delhi ^ • M. Bose 

Gall-formation in paddy by Fachydiplosis oryzae Mani 

While investigating the gangai disease of paddy caused by Fachydiplosis 
oryzae Mani, an interesting observation was . made with regard to the formation 
of the gall. The leaf sheath is normally in a rolled condition and this roll is 
opened by a mechanical push of the incoming leaf. So long as this gradual 
push does not take place, the leaf-sheath continues to remain closed. In 
attacked plants, the maggots reach the soft, juic}^ growing -tip of the stem and 
feed upon them. The preceding leaf with its rolled-up sheath is getting the 
nutriment and grows, as there is no mechanical stimulus for its opening, it re- 
mains closed. The tissues at its edges grow into each other dnd form a tube. 
The colour of the tube is like that of the^sheath. Histological studies confirm 
the view that the tube is a modified sheath. It is hoped to publish the results 
in detail. ‘ • 

; 

New Delhi, ig-ix-1941 .P. J. Deoras 

Record of the tent caterpillar from Simla Hills (Punjab) 

Malacosoma indica Wlk. was collected infesting apple, pear, apricot, shegal 
{Pyms fashia Ham.) and walnut in Simla Hills for the first time. 

Its life-history was studied in broad outline. The moth lays its eggs on 
branches in ring-like masses of 300-400. Eggs laid in May-June hatch in March 
next and the larval and pupal stages take 39-6S and 8-20 days respectively, 
thus completing one generation in a year. 

Lyallpiw ... KhiAN A. Rahman 

Occurrence of the gypsy-moth Lymantria obfuscata Wlk. in Simla Hill s 

Caterpillars of this species were found damaging apples at Kotgarh, Gopalpur, 
Rhoga, Pomlai, Roshta and Aino. They spend the day hiding in the soil under 
the infested plants and feed at night. They continue feeding actively during 
April-May and pupate in June. . . 

Lyalipur • Khan A. Rahman 
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A serius mite pest of fig at Lyallpur 

The mite Eriophyes sp. infests the tinder surface of the leaves where it forms 
galls. The infested leaves dry and fall off. The pest is active throughout summer 
but when the leaf-fail begins in November, the mite migrates to the branches 
and passes the winter underneath the terminal bud-scales. 

Lyallp^lr ' A. /N. Sapra 


New host plants of Laphygma exigua Hiibn. 

Moths of Laphygma exigua were reared from larvse . feeding on ooni char a 
[Heliotropmm europmim) and lani [Sualda fnUicosa) at Lyallpur. This is the 
first .record of these caterpillars feeding on these hosts. 

Lyallpur M. A. Ghani 

An unusual mode of oviposition in the desert locust 

I 

The desert locust Schisiocerca gregaria Forskhasbeen well known to oviposit 
in tubular pockets in the soil and measures for the destruction of the 'eggs have 
been based on this habit.. Recently, how'ever, a swarm of locusts that visited the 
Muttra district of the U. P. behaved differently. The locusts rested over an 
area of approximately a square mile and dropped their eggs on the -surface of 
ground, accompanied by the white fluffy material, secreted by them during 
normal oviposition. The eggs thus laid were estimated to weigh nearly two 
maunds. 

The oviposition ground was a waste land having a very hard surface and it 
is conceivable that the female found it impossible to bore into it. At the same 
time there were a few fields quite close by lying fallow which were not so hard 
for oviposition. A physical feature common to both, however, was their extreme 
dryness which may have prevented the insects from ovipositing in the normal 
manner. An examination of the eggs showed that they were normal and fully 
mature. It seems, therefore, that dryness and not hardness of the soil so much in- 
duced the locusts to depart from their normal method of oviposition and being in 
urgent physiological necessity to get rid of their eggs they were impelled to 
merely drop them on the surface of the ground. Needless to say such eggs could 
hardly be expected to hatch, having been exposed to the desiccating action of sun 
and air and to the attentions- of numerous natural enemies. The phenomenon 
is also of great importance from the standpoint of locust control because if eggs 
are to be deposited in this fashion the}^ obviate the necessity of control mea- 
sures. So far as is known to the present writer no locusts are recorded to pos- 
sess the habit of normally scattering their eggs on ground surface.*^ 

Cawnpore, 21.xi.41 K. B. Lal 

Effect of rainfall on the emergence of Dorysthenes hugeli (Redt.) 

The apple root-borer is a serious pest of apple trees in . the Kumaon 
hills. It has a fairly long life-history, extending over four years, during most of 
which the larvse develop inside thick roots of apple trees and appear as adult 
beetles in the beginning pf the monsoon. Observations over many years have 


*A similar phenomenon was recently observed in Alwar, where a swarm resting on trees 
simply threw down their eggs. [ Ed. ] . ■ 

“Indian J. Ent., 3 (2)” 






2^0 Short Notes mid Exhibits 

shown that the emergence of the beetles from pupas depends largeh^ ^ on the 
incidence of rainfall during the previous eight or nine months. For instance, 
at Chaubattia (near Ranikhet) and Ramgarh (near Bhowali) the adults have been 
usually obser\’ed to emerge about the beginning of Juh% soon after the first showers 
of rain have fallen. But this emergence may be dela3'ed if there is frequent 
rainfall during the previous spring and early summ.er, vrhich presumabh' slows 
dowm the rate of pupal development, with the result that the emergence of adult 
in the following July is delayed, even though there has been a rainfall. On the 
other hand, if the spring and earh' summer have been fairly dr}', development 
of the insect proceeds normally and the beetle waits for a fall of rain to emerge 
as adult. The latter condition happened in 1941, when the spring passed ofi 
fairly dry and monsoon broke out towards the end of ]May. The beetles, therefore, 
appeared much earlier than their usual time, the first specimen having been caught 
on the gist Z\Iay at a verandah light. 

Incidentally it may also be mentioned that while both sexes of the beetle 
are positively phototropic, only niales preponderate in light-trap collections. 

Caii'/ipore, 21. xi. 1941 ~ K. B. Lal and R. X. Six'GH 

Relative incidence of Dacus ciliatus Loew and Dacus cucurbitse Coq. 

From some maggot-infested fruits of Luff a aegyptiaca [Mill., kept for the 
rearing of fruit-fiies on 31st October, fiies started emerging on lo.xi.iqqi and 
continued doing so up to i6th Xovemben These fiies belonged to tw'o species : 
Dacus ci'curhiice Coq. and Dacus ciliatus Loew. It was found that Dacus ciliatus 
.was predominant. The ratio between the two species as obser/ed in one case, 
was Dacus ciliatus Loew'. 71 and Dacus cucurhitce Coq. 26, vrhich rouglily 
.works out at 3 : r. 

Card: n pore P. L. Ck.atuk'^.'EDI 

Incidence of sugarcane pests in south Bihar during 1940-41 

From obseiwations made in the fields of Rhotas Sugar [Mills, Dalrnianagar 
and South Bihar Sugar [Mills, Bhita, the incidence of different borers on sugarcane 
was found to be generally lower than in the northern areas of the province. 
The incidence of Diatraea auricUio. was, however, distinctly higher than those of 
the top-shoot and * root-borers, though this was not so in the north. Further, 
the number of plants attacked by Aleuroloous and Dyrilla were smaller in the 
south than in the north. This is perhaps explained by topographical and climatic 
difierences betv/een the north and south of Bihar. In the latter area, the soil 
is vei}.' little water-logged. ^ Further, in the same area several crops had 

food-plants and attracting the borers awa}.' from sugarcane. 

Dusa A. C. Sm: 


Sex-rarios and eje-srripes in a swarm of the desert locust 
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Dr. B. L. Rawat, Professor of Zoology at the. College, collected .some 
locusts at random from the swarm, through whose courtesy, I was enabled to 
examine them with the following results : 

Sex-ratios .- — 21 males and 7 females viz., 3 : 1. 

Eye-stripes , — In all cases, except three males, there were 6 clear eye-stripes. 
In the three exceptional males, the eye-stripes could not be clearly counted. 
All the individuals were yellow '' and, therebme, ]>resumably mature. 

Calciitta , M. Jy. Roo::wal 

Parlatoria pseudopyri Kuwana—a synonym of P. oleae or P. cinerea Hadden ? 

Takahashi [Proc. R. ent. Soc. London, (Ej 7 (i2j : 271-272, 193b] described 
Parlatoria pseodopyriYivLv:2cT)OL as occurring at Ly allpur and Bhakar in the Punjab 
and Shab Qadar, in the X. W. P. Pro\dnce. Rahman ( Pinal Report oyi the 
Combined. Entomological Scheme, P^mjah and. N . W . P . Province, 1940;, basing 
his identification on the above work, reports it to be present on apple, mango, 
phalsa {Greiijui asiatica), rose, jasmine, Nerium sp. and d.harek. On re-examina- 
tion of the .specimens, however, it appears that Takahashi found them to be 
identical with Parlatoria oleae fCob/ee), for in a reprint of his paper recently sent 
to me, I find that he has corrected with hand P. pseodopyri ICuwana as Parladoria 
oleae (Colvee). 'hheva\i(Y\ty oi P.pseod.opyrihafl long been doubted since Kuv/ana 
[Byochn-Gai Zasshi (]. Plant Prot.}, Tokyo, 19 : 8-17, 1932] described it. .Morri.son 
\U. S. Dept. Agric. Misc, Pub., 344:34 ^SieaAy .stated that it is a 

synonym of P. cinerea Hadden. As P, oleae and P. cinerea can be easily di.s- 
tinguished from each other \>y several important characteristics, it is not known 
v/hether the Indian specimens sent to Takahashi really belong to the species 
P. oleo.e or P. cinerea.. In view of this confusion and before the error creeps into 
other Indian entomological literature, it v/ould he worthwhile re-examining the 
specimens from the original collection. It w'ouid be interesting if this scale proves 
to be P. cinerea, tor, though this insect has been, intercepted by the U. S. A, 
Plant Quarantine Service from rdants recer/ed from India, there is .so far nc 
record of it from India itself. This again shows the urgent need for a more thO' 
rough taxonomic .survey/ of Indian .scale-insects and for the estaOii.shrnent Oj Plan' 
Quarantine. 

Cobnbaiore, 25-ix-i94i ' V. Px.CBifAX.Ha Ra< 
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Eelation 'between Insect Vectors and Plant Viruses 




It is well known 


rnat an insects are 


eouaiiy gooc vectors or vano 
plant viruses ana tne emeacy or a vector in the case of the same virus is depen 
ent on the duration of its feeaing oenoa on tnetniectea plant ana wnetner it n. 
fed or fasted before such feeding. The w'ork of vfatson & Roberts iProc. 
Soc., (B:j 127, 1939 & 27 (2), Z940' hss thrown & great deal 

li-'-ht on this snhiT&ct. These; authon; szorked with three strains of Hyoocyan 
■t ' ' '‘In-Iian J. Ert., 3 (5 
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viras 3, two of cticumber virus i, and potato vims Y. The vectors, Myms persi- 
ccB, M, circnmflexus and MacrosipJmni gei were under test. The efficiency of the 
vectors increased with increasing times of fasting before feeding on the infected 
plants and it decreased as the period of feeding on the infected plants 
increased. Myziis persiccB proved to be the most successful vector and 
Macrosiphmn gei the least successful ; but the relative efficiency of the vectors 
varied with different vimses. The authors explain the above on the assump- 
tion that the viruses are inactivated by some substance produced by the aphids 
wffien feeding and that the capacity of various vectors for inactivating a vims 
is not equal, Myziis persiccB having the lowest capacity on the whole. This 
activating ' substance is considered to be produced after about 2 minutes ' 
feeding. , • / 

The authors further conclude that the various vimses can be grouped into 
‘"persistant” and “non-persistant” categories. The viruses mentioned above 
which get inactivated during the feeding of the vectors on the infected plants 
are called “ non-persistant. ” The loss of activity is not considered to be due 
to cleansing of the stylets when feeding or to* the normal deterioration of the vims 
when fasting.' Persistant vimses are not affected by the inactivating substance 
and the vectors acquire lasting infectivity. Thus most of the major differences 
between the results of various transmission experiments with the two types of 
vimses could be accounted for by differences in the effect of the inactivating 
substance produced by the vectors. H. S. P. 

Communal disaffection in ants 

Communal affection among ants is well known and when ants belonging 
to different nests affiliate, live amicably for some days, cleaning one another 
and inter-regurgitating, the union is ususally believed to be permanent. This, 
however, is not always quite true ; ant queens sometimes fight each other and the 
workers, previously . at peace with all members of the nest, even take sides with 
the fighting queens. This, for instance, is the case with^ Formica suhsericea, 
recently investigated by Tafleur [/. N. Y. ent, Soc., 49 (2) : 199, 1941] . The 
queens of this species were observed to live together peacefully for over one 
year, before they showed signs of commun al disaffection. These apparently sudden 
outbreaks of hostilities between “ friendly ” queens synchronised more or less 
with the maturation and emergence of workers in the nest. Tafleur concludes 
that the clue to this extra-ordinary behaviour of the queens lies probably in the 
urge for acquiring a large brood of workers. .He believes in a sort of “ emotion of 
jealousy ” between the queens, leading to the fight for advantages of a larger 
brood. The author believes that the fact that it is much easier to affiliate queens 
and workers than queens and queens lends support to this view. Workers also 
remain friendly with any individual they get acquainted with in their first days of 
life, so that if a queen w'ere driven away or murdered, at this critical period they 
remain loyal to the surviving queen, M. S. M. 
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The Parasite Tricho gramma evanescens Westw. race minutum (Riley) as a 
controlling agent of sugarcane borers 

Experts are divided in their opinion on the efficacy of Trichogramma evane- 
scens mimitnm (Riley) in the control of sugarcane borers and on the causes of 
failures and achievements. Jaynes and Bynum \U. S. Dept. Agric. lech. Bull., 
743 : 1-42, 1941] have recently carried but experiments to ascertain whether or 
not the sugarcane borer [Diatrcea saccharalis E.) in Eouisiana could be controlled 
by mass liberations of this parasite. In evaluating the results of release of Tri- 
chogramma, it was found important to obtain all information likely to be useful in 
interpreting, the data. It was found that Trichogramma dispersed as far as 100 
feet within 48 hours after release. A definite correlation was shown to exist 
between the percentage of parasitism and’ host density. Parasites were released 
at .the rate of 10,000 to 45,000 per acre during the three seasons. In comparing 
the progress of the parasitisation of the borer, very little difference was observed 
between the percentages, of parasitisation in the colonised, buffer and check 
plots. A study of the infestation in the stalk and joint showed that the borer 
infestation in the plots in which Trichogramma were released increased to as 
great an extent as in the check plots. No relationship was evident between 
Trichogramma releases and increased yields. The authors ' concluded that the 
results of the experiments conducted during the three seasons show that the re- 
leases of Trichogramma are of no value in the control of the sugarcane borer in 
Eouisiana and so the colonisation of Trichogramma as a field practice for the 
control ofithe sugarcane borer is therefore not recommended/' T. V. V. 


Racial segregation in insect populations 

The habits of a species are usually supposed to be as fixed as its specific 
morphological characters and are not expected to change within less than quasi - 
geological periods of time. Therefore the control programmes of economic 
entomologists generally follow the taxonomists' classification of morphological 
races. Smith [J. econ. Ent., 34 , (i) : 1-12, 1941] reviews the literature on the 
practical significance of continuous segregation of what are known as physiological 
races with important differences in habits and physiological and ecological cha- 
racteristics although they are apparently indistinguishable from one another in 
their structure. For example, it is shown that four species of scale insects have 
within the life time of one entomologist evolved races which are harder to kill 
by certain insecticidal treatment than the ordinary population of those species 
or than any of their populations of say twenty five years ago. 

The author cites numerous examples showing how the tendency to form 
races complicates the problem of insecticidal or mechanical control, breeding 
of resistant hosts and of plant 'quarantine. He tries to explain the formation oJ 
these races with the help of the principles of genetics and evolution and presents 
a valuable meeting ground for the geneticists, the physiologists, ecologists 
taxonomists and economic entomologists. S. P 

“Indian J. Ent , 3 (2)” 
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Mosquito control 

In recent years a great deal of work has been done on the control of malaria- 
transniitting mosquitoes and the present war has given a new impetus to it. 
All the different theories on malaria transmission maintain that the causal 
organism Plasmodium is of three or four species, producing in man clinically 
different varieties of the disease, and that the developmental cycle of the parasite 
takes, place only in mosquitoes of the genus Anopheles ^ which is represented by 
150 species in different parts of the world. 

Wigglesworth writing on "Malaria and war" [Nature, 147 (3728) : 436 . 
1941], mentions in detail the following important species of Anopheles causing 
malaria in different parts of the world : A . macuUpennis in England, many parts 
of Europe and coastal belt of Tripolitania, A. superpictns in the eastern Medi- 
terranean, A, pharoensis in Egypt, A, multicola in north-west Africa, A, gambiae 
in west" Africa and A. subpictus, A. culicifacies , and some others in India. He. 
then discusses the different theories of mosquito control. Sinton and Shute 
[Minist. HUh. Memo,, No. 238 H. M. Office, Eondon, 1940] have recorded 29 species 
of mosquitoes from Great Britain, 19 of which are of importance and have 
reviewed the methods of their control during different seasons. Herms and 
Gray [Mosquito control, Oxford Universit}^ Press, London, 1940] have also dis- 
cussed the problem from all the aspects. 

It is generally agreed that mosquitoes could be controlled either in the adult 
stage, so that there would be no more oviposition, or in the larval stage to prevent 
further breeding., • Twinn [Dom. Can, Dept. Ag. Div. Ent. Publ., No. 719. Circtilar 
No. 62, 1941] has given a very lucid account of the control of adult mosquitoes 
by putting nets on windows, by netting them in the dark corners of the houses 
and by the use of sprays and repellant.s. The main constituent of the spra^^s 
is p^uethrum at the rate of i lb. to i gallon of kerosene oil. For field sprays, 
light fuel oil, as well as some liquid potash-soa^D are added to these sprays. The 
repellants are generally made of citronella oil. MacNay’s formula quoted by 
Twinn is quite good. 

The control of the immature stages is effected by permanent and temporary 
measures. The permanent measures consist of proper drainage or siphoning' 
[MacDonald, J. mat. Inst. India, 2 (i) : 63, 1939]; Tweedie, J. Malaya Br, Brit, 
med. Ass., 4 (2) : 167, 1940]. Smith [A^ature, 147 (3732) : 576, 1941] cites how 
thousands of lives were saved in the last war by these measures. . The temporary 
measures are confined to biological as well as technical methods. MaiCay 
& Senior-White [Indian med. Gaz., 76 (i) : 37, 194“!] report that certain xDrawns 
destroy mosquito larvae in large numbers. Van der plank* [E. Africa med. J., 
17 (10) .'431, 1941] mentions that Northobranchimus well as fishes of genus 
Barbus control Anopheline larvae. Similarly the introduction of sticklebacks, 
gold-fishes and larger fishes check the breeding in weedy ponds of Anopheline 
larvae.- Ramsay [Trans. R. Soc. trop. med. Hyg., 2 B : 511, 1930] mentions 
that in Bengal and Assam A. minimus was checked, if bushes were properly planted 



345 


New Books and Monographs 

along streams. Thompson [J. malar: Inst. India, 3 ; 265, 1940] advocates the 
flooding of streams in the centre. Manson [/. mal. Inst. India, 2 (i) : 85, 1939] 
mentions certain plants as being deterrant to mosquito breeding. 

The chemical measures are confined to larvicidal methods. A thin stable 
film of oil (15 Microns thick) is spread over the water to suffocate the larvae. 
Murry [ Bnll. ent. Res., 27 : 287, 1936 ; 29 : ii, 1939 ; 30 : 211, 1939, ] advo- 
cates the use of spreaders. Castor-oil is a good spreader and cresol increases the 
toxicity of the larvicidal oil. Petrol is good for storage waters and a thin la3^er of 
liquid paraffin prevents the insects from oviposition. In weedy ponds this oil is 
to be mixed with saw dust. - Surface-feeding larvae are destroyed b^^ paris green 
mixed with some inert dust such as sand, powdered soapstone, or slaked lime. 
Liquid pyrethrum-kerosene larvicides are being largely used, as they are 
harmless to fish, waterfowl, water plants sewage and disposal bacteria. 

Hardy [Ent. month. Mag., (4) 20 (927) : 169, 1941] mentions that yellow 
colour keeps mosquitoes away. These views have 3^et to be confirmed. 

P. j. Dhoras 
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An Introduction to Entomology, By J. H. Comstock, (Ninth edition) revised G. W. Herrick. 

' 8vo., cloth, Bp. 1064r, figs. 1228, Ithaca, N. Y. : Comstock Publishing Co., Inc., 1940. 
Price $5.00, 

Insect Pests, By W. C. Harve}^ and H. Hill. Pj). ix-{-292, figs. 23, London : Lewis & Co., 1940. 

Price 10s. 6d. • ' 

Mosguitoes of the Ethiopian Region. Z : Gulicine adults and gmpce. By F. W. Edwards. Pp. viii 
+ 499, 4 pis. London : British Museum (Natural History), 1941. 

Indirect methods of Insect Control. B}^ Isle}^, D. (Second Edition) Minneapojis : Burges Pub. Co., 
1941, Pp. 121. $1.5. 

ECONOMIC ENTOMOLOGY. OF SOUTH INDIA 

Dr. T. V. Hamalcrishna A 3 ^ar is a veteran entomologist whose contributions 
to Indian economic entomology are many and varied. He has crowned his previous 
achievements by writing a “ Handbook of Economic Entomolog}^ for South India ” 
(Government Press, Madi’as, 1940 — Price Rs. '4/12/-), which though ostensibly meant 
for vSouth India, is boimd to prove of value to students and workers on entomology 
all over the country, since many of the insect forms treated therein are widely distri- 
buted in India. ' The book contains 5oo pages and is divided into two parts. Part I 
deals with the general morphology, physiology and classification of insects. Part II 
contains accomits of important pests of various crops and fruit trees together with 
descrqDtions of methods for their control. A chapter on such beneficial insects as bees^ 
and silkworms is included and the book ends with five appendices some of which 
are very useful. The format and get-up of the book are highly commendable. 

It should not, however, cause any serious detraction from the merit of the book 
to say that it misses first-rate production in several respects, and these should be 
pointed out if only for the reason that the second edition of the book should appear 
as free from criticism as possible. A general impression after reading the book is that 
the author does not seem. to have paid much attention to the work on economic en- 

‘Hndian J. Ent., 3 (2)” 
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tomology dui’ing the past ten years. The accounts of such important pests as thesxootted 
and pinli boll-wonus of cotton, the cotton stem-weevil, the moth borers of sugarcane, 
etc. , in the study of which considerable advances have been made, appear to be based 
largely on investigations carried out before 1930. The author still considers the vSan 
Jose scale and the codling moth as foreign pests, whereas actually the former Ls defi- 
nitely known from India since 1919 and the latter since 1935. In Part I one fails 
to see marked reference in the accounts on the general physiology of insects 
and of their metaniorphosLS, the morphology of insect genitalia, etc., to the recent 
and outstanding contributions of such authors as Wigglesworth, Snodgrass, Pruthi 
and others. 

Some aspects of applied entomolog}^ for instance, the question of evolving 
and growing of plant varieties resistant to various insect pests, may have been given 
more than a mere passing reference (p. 97). Similarly' locusts, though not a problem 
in South India, may well have deserved at least a page of description, in view of 
their overwhelming importance to Indian Agricultme. There are several agricultural 
crops which suffer from virus disease tlrrough insects transmitting plant viruses in 
South India are hardlj^ known so far. Among non-insect pests of crops, mites should 
have received more adequate attention than almost a passing reference. 

Some of the names used by the author have long been superseded by new names, 
e.g., HeliothiB ohsohta by H. armigera, Estigmene by Amsacta. Zonabrls by Myluhris, etc. 
On page 436, the specific name of the head louse is given as Pediculus cajnlis and that 
of the bod^' louse P. corporis. In the figures given, however, the latter is shown as 
P. Immamis. Neither is correct, as both the lice have long been shown to belong to 
one species, P. lmraanv..s, having two forms, cajntvs and corjoorls. In several cases, 
the same species' (even on the' same page) has been ascribed to different authors, 
e.g., Sphenoptera gossypii to K. and again to C. (p. 240) Not much imiformity has 
been obseiwed in abbreviating the names of authors, witness for example Distant 
being abbreviated as D. and Dt. on the .same page (p. 144), De Geer as D. and again 
as deG. (pp. 409 and 438). In this connection it may also be remarked that the 
practice of abbreviating the names of authors by a single letter is open to very serious 
objection and the only exception that may possibly be permitted is that of Linnaeus. 
Again, several species have been ascribed to "^vrong authors e.y., Gryptothrips occulta 
(p. 259), Onipliisa anasiornosatls (p. 262), etc. 

The author does not appear to have been careful in seeing the book through the 
press. A large number of even important pests have been spelt vrrongly, e.g.^ Diatram-^ 
Scripopliaga. AsarnanguMa, Asplioiidylia, Ernpoasco. devastans, etc. The book also 
contains many press mistakes and errors. Capital letters have been used indiscri- 
minately, for example, Lepidoptera has been sjjelt both with a capital letter (p. 77) 
and a smah letter (p. 19). i'^'hereas aU family names of insects should end with dip- 
thong ^ae ', in the book no difierence has been made between this dipthong and ‘ oe ’ 
Some families end in ' ae ’ and others in ' oe i The word ' mug ’ for ' bug * on page 
196 is a bad misprint. 

There are numerous ver^' useful iUustratious in the book but unfortunately a nmnber 
of them have not been reproduced properly. Some figures {e.g., on pages 81 and 221) 
are too small to ser\-e any useful purpose, while others {e.g. on pages 69, 308 and 309) 
are unnecessarily too large. Some of the figures have been oriented v.uongly (see pages 
269 and 424). In the ease of several pests quite good iUustratious have beeu published 
in recent years but the author has selected rather uusatisfactory fia:ure 5 published 
long ago or those published in other countries. 

In a review of this book published in Curr. Sci., 8 : 376-378, 1941, some errors 
in regard to the identification and nomenclatiue of lac and lac irLsects have been 
mentioned and certain other features of the book have also been pointed out. It is 
not necessary-, however, to repeat them here to agree with much of what that review- 
er has said. 

In spite 01 aU the criticisms, the book ranks as an outstanding contribution 
to Indian entomological hterature and must long remain on the tables of students 
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of entomology^ all over the country. If tho roviowor wore nHkod to ])oint 
out tho greatest single merit of the hook, the anHvvtjr woiikl nn)if?H!tatingly 
he the very broad outlook with whicJi the subject of; economic enh>mology lian heeu 
treated in it, embracing such apparently academic topics as mimicry and |)arfjntal 
care in insects to name only two. To those impatient enthusiasts, wlio will have our 
agricultural students learn nothing more of econorrjic e*ntomology than tlsj popular 
names of soiue pests and the cut-and-dried formuk/i of their control tlsi following 
words of the author must be commended for hard thinking : “ Whe/i once wo got an 
idea of the ways of an insect pest, methods of faaitrol become a matte*r of cominon 
sense But not till then. K, jj. p. 

ADAPTIV33 COLOURATION IN ANIMALS*"^ 

The book Ls not strictly entomological, yet no entomologist, whatev<ir Ijjs special 
line of research, can afford to ignore it if he is to understand his insects well. Ento- 
mological research in India -is almost exclusively confined to morphcjlogical arjd 
bionomicaT work. Experimental research on comparative physiology is in infancy. 
Those researches which generally go under the comprehensive lieadi/ig of “ natur’al 
history ” are almost ridiculed. Indeed, natural history?, especially such phenomena 
as mimicry, warning colouration and thejike, are looked askance outside India as well. 
In the present book Dr. Cott has with one bound “ turned the table with a vengeance ” 
on such objectors. He has gathered together in an impressive manner ahnost every- 
thing about the adaptive colouration of animals, and what is more important, Ijo 
has elucidated the principles involved. Naturally he has taken his examples from 
among all the groups of animals, ibat, as everyone knows, insects provide some of 
the most striking of such examples and Dr. Cott has made the fullest use of thean. 

The book is divided into three parts. Part I deals with '‘Concealment” where- 
in such topics as general and variable colour resemblance, obliterative shading, dis- 
ruptive colouration, concealment of the shadow, and finally, the function of cojicealing 
colouration in nature are dealt with in detail and. with great clarity. Nor does the author 
omit to discuss fairU the objections that have from time to time been raised against 
the theory of concealing colouration. 

Part II deals with " Advertisement. ” Tiie author first discusses the methods 
bj" which conspicuousness Is attained in nature, and details under this lieading such 
particulars as the appearance and behaviour of aposernatic animals, warning displays 
and adventitioas warning colouration. He then goes on to describe v/arning 
colouration in reference to prey and to j)redatory animals. 

Part HI covers ” Disguise ” v/herein, among other devices, one species sails 
under false colours of another and better protected species. First, special protective 
and aggressive resemblances are discussed, such as, for exarnjde, special re^semblanc(j 
to particular objects, adaptive behaviour in relation to special cryptic resemblance 
and adventitious concealing colouration. Another section deals v/ith conspicuous 
localised characters among animals, such ars deflective and directive marks. The fast 
section deals vith alluring and mimetic resemblances. Mirriiery is dealt v/ith in 
great detail. 

The above is a brief outline of v.djat treasures the book contains. I'or every 
topic the author discusses, dozens of examples are taken from insects, and in such 
phenomena as mimieiy. Insects provide the most numerous and conclusive examples. 

The beautiful and instructive illustrations, of v/hich there are many, are a;nong 
the chief attractions of the book. Let no entomologist ignore this classical 
work. " M, L. li 


B. Cott. (Vilth an Introduction by Julian 8. Huxley) — lletheun & Co. Ltd., London 

194r0,-.508 Tip. 
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•FOREST INSECTS OF INDIA* 

Dr. C. F. C, Beeson, till recent^ Forest Entomologist, Dehra Dun, has done 
good service to Indian entoniolog}’- b3^ publishing a book on forest insects, which 
is based on the author’s personal experience extending over 25 years. The pub- 
lication of the book was undertaken to provide a cheap and portable manual 
of pests and the methods of their control for forest officers and their staff as well 
as a work of reference for research officers and entomologists. The book has 
just over lobo pages and apart from to the first few introductory chapters, 
consists of two parts ; Part i — The ecology of forest insects,” and Part 2 — ” The 
control of forest insects.” Over 4000 species of insects are enumerated. 

are afraid the titles selected for the two parts are not veiy appropriate, 
because the first part, which is supposed to concern with the ecology of insects, 
chiefly contains accounts of the systematic position, anatomy, life-history, etc., 
of the insects enumerated and there is very little ecology as the terrr; is understood 
to convey at present, — the behaviour of insects as influenced by various factors 
of environments including 'climate, food, natural enemies, etc. On the other 
hand, general ecology.* of various insects is described in the second part which 
also deals with their control. In fact the arrangement followed in Part II is 
better in principle because it is ver}’ useful if the account of ecology of insect pests 
immediately precedes the suggestions regarding control measures. Actually one 
would have preferred if the author had amalgamated both parts into one and given 
the complete account (systematic, distribution, habits, ecology", control methods, 
etc.) of a particular pest at one place. 

' The arrangement which the author has adopted in dealing with various pe.sts 
will not perhaps be easy to follow by those for whom the book is primarily written, 
viz., forest officers. He has arranged various insects according to orders, families, 
genera and species, all arranged in alphabetical order rather than according to any 
system of classification. The great advantage of the latter system would have 
been that after reading the accounts of pests belonging to one order, say Rhynchota, 
the readers would have incidently learnt about the habits and general control 
measures regarding all other pests of this order v/hich are not described in the book 
or which may assume importance in future. For example, according to the sys- 
tem followed by the author, the account of Anopleura is follov/ed by that of Coleop- 
tera and in the order Coleoptera account of a scavanger family is followed by a 
ph^Tophagous family and so on. Accounts of related groups having their names 
beginning with different letters have per force been given at different places in 
the book. In view of this, one cannot read the book with sustained interest. 
The book therefore appears to be a dictionary* in this respect. 

Furthermore, the forest officers will find it difficult to trace the account 
of a particular pest. The author presumes that they will at least know* the name 
of the insect concerned or type of damage it does. Even if a forest officer knows 
all the names, w'hich is not likely, he will be able to trace the information easily 
because the scientific name by wrhich he knows an insect may not be the one adopted 
by the author of the book and further the author has not gdven synonymies of even 
important msec! pests either in the text or in the index. The names of 
authors or species are also not given. As - regards the mode of damage, 
the reader in many cases will be confronted with over 8 orders 
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of insects which do the same kind of damage and then under 
various orders he may have to see through all 'the families of such big 
orders as I^epidoptera and Coleoptera. This is specially true in the case of 
defoliators, predators insects living on decaying vegetable matter, etc. P'or 
example, predators are found in numerous families of Plymenoptera, Neuroptera, 
Odonata, Rhynchota, Coleoptera, etc.', while scavangeras are met with in most 
families of Collembola, Psocoptera, Tsoptera, Thysanura, etc. Moreover, the 
author has omitted to give the usual list of contents in the beginning of the book 
and has not mentioned the names of all the orders in Part II, and the few which 
are mentioned are printed in such a manner as to look having the same rank as 
families. It will therefore be often much more easy for a forest officer to write 
to a central entomological station for the name of the insect than to trace it in 
this book. It would have been better if the use of alphabetical arrangement had 
only been restricted to genera and species. 

Subject to the above criticism., the book is very exhaustive and a virtual 
mine of iriformation. Plowever, there are certain points in which entomologists 
would like the book to be improved. In the use of carbon bisulphide, a very 
common fumigant, the dosage of 60-80 oz, per 1000 c.ft. of space is recommended 
(p. 863), whereas for using it to disinfect books and seeds in storage doses of 
32 oz. and 16 oz. per 1000 c. ft. respectively are given. Actually it is in 
the case of empty space that the dosage should be less than in the case of grain, 
or other material. Further, the author has emphasized that while fumigating 
grain the weight of the grain should be kept in view and not the space in which 
the latter is kept. Actually both have to be kept in viev/ because it is obvious 
that the quantity of the grain remaining the same, the dosage depends on whether 
it fills a godown or say, the grain occupies only space, and on the size of empty 
space. 

The control methods for various pests- have on the v/hole been described 
rather' very briefly. For example, in the case of spraying, it would have been 
useful to general readers such as forest officers, if the methods of preparation 
of insecticides, time, number and periodicity of spraying, etc., had been described. 
The recommendation for the control of red hairy caterpillars by hand picking 
and squeezing will be questioned by many w'orkers. The use of one md. of bait per 
i-i'l acres for locusts will be wasteful. The dose of 1% sodium arsenate (presumbly 
the author means sodium arsenite) for termite control (p. 949) wall prove injurious 
to many seedlings. . In the chapter on ' poisons fumigants, etc., important 
insecticides, sodium arsenite and the most important fumigant HCN, have not 
been described. While stating important conclusions which are the results of 
recent research it w'ould have been useful to research w'orkers if the authors of 
the views had been quoted. There are a few' inaccurate statements : for example, 
Odinadiplosis od.mae is described as forming galls on Launea grandAs (p. 434), w'hile 
really it produces galls on Odina wodier. The pFI range 6.2-8. 6 is not ' very 
alkaline, ' as has been stated by the author. 

The book is ver\' w'ell w'ritten and there are only a few' misprints and typo- 
graphical mistakes. The beginning of a sentence or paragraph with the w'ords 
'' E. G, is rather unusual and some w'ords seem to have dropped off on pp. 857 
and 865 during printing. The punctuation in titles, headings, etc., is not uniform. 
The laudable object of keeping dow'n the cost of production seems to have been 
carried too far and the get-up of the book has severely suffered and several figures 
otherwdse good have been very much crow'ded together, and in some cases got 
mutilated, obviously during binding. It w'ould have been better if the Manual 
had been more portable. 

25 


^"Indian J. Enfc., 3 (2)” 



350 


News and Annonncemenis 


■ In the end, we must congratulate the author for the publication of this 
monumental work— a work which was badty needed, as the last account of the 
foi'est insects of India was publishecd about 30 years ago and undoubtedly research 
on insects has made considerable progress during this period. 

HnM Singh Pruthi 


NEWS AND ANNOUNCEMENTS 

The Scheme . of Research of ICAR for Regional survey of sugarcane borers was closed on 
the 3Gth November. With effect from April 194:2, the Imperial Council of Agricultural Research 
proposes to start a large scheme, under which various methods of control of cane pests, 
particularly the use of parasites, will be on extensive trial in several Provinces. 

The Department of Agriculture, United Provinces, has appointed special staff for the oxter- 
■ mination of San Jose scale in the Kumaon hills. . ' 

The University of Agra has decided to institute a course in Entomology for the M.Sc. degree 
in Agriculture. . , 

The U.P. branch of the Entomological Society of India was inaugurated at Cawnpore on . 
the 22nd November, 1941. 

Rao Bahadur Y. Ramchandra Rao, Locust Research Ehtomologist, Imperial Council of 
. Agricultural Research, retired from service on 31st March, 1941. 

Dr. T. V. Ramkrishna Ayyar, formerly Entomologist to Government, Madras, and the 
, retiring President of the Entomological Societ}'' of India, has been appointed Entomologist to 
H.E.H. The Nizam’s Government, Hyderabad. 

Mr. J. C. M. Gardner has been appointed Forest Entomologist, Forest Research Institute, . 
Dehra Dun. vice Dr. C. F. C. Beeson retired. Mr. A. H. Khan has been appointed Systematic 
Entomologist, vice Mr. J. C. M. Gardner. ‘ . 

Dr. E. S. Narayanan, Ph.D. (Lond.), has been appointed Second Assistant Entomologist, 
Imperial Agricultural Research Institute, vice Dr. K. B. Lai. From September 1941, Dr. 
Narayanan is now officiating as Biological Control Research Officer, vice Dr. J. A. IMuliyil on 
leave, and Mr. B. B. Bose is officiating as Second Assistant Entomologist. 

Dr. Taskhir Ahmad, Assistant Entomologist, Imperial Agricultural Research Institute, 
took over charge of the current duties of the Second Entomologist in addition to his own with 
effect from 1st August 1941, from Mr. P. V. Isaac granted leave. 


OhiUtaries 


Mr. H. L. Bhatia (1901-41) 



Mr. Hira Lai Bhatia, a foundation member, passed away at Lahore 
unexpectedly at a very 3mung age, after a brief illness. The late Mr. 
Bhatia, son of Lala Ram Lai Bhatia, Advocate, High Court, Lahore, 
was born in September, 1901- He was educated in the Central Model 
School, Lahore, and he joined the Punjab University in 1917. He 
took his degree in 1921 with Honours in Zoology topping the list of 
successful students ttnd thus winning the University scholarship and 
prizes. After taking M. Sc. from the same University in 1923, he took 
up appointments successive^ as Professor of Biology in the Ramjahs 
College, Delhi, and Hindu College, Amritsar. In 1927 he joined the 
Entomological Section of the Imperial Agricultural Research Institute, 
where during the past thirteen years he worked on various aspects of 
Entomology, specially the biology and • systematics of flies. For a 
couple of years during this joeriod he was deputed to work as Entomolo- 
gist at the Imperial Veterinary Research Institute, Mukteswar. 


During the last two years or so he was mostly working as the Assistant Locust Ento- 
mologist and visited and organized locust control work in almost all the States in Rajputana and 
Baluchistan, 
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Bliatia was not a narrow specialist but took an almost archimedian interest in all ento- 
mological matters. He was tbe LToint Secretary of tbe Entomological Society of India in 1941. 
He was the author of several very important papers on Indian Diptera. 

The death of Bhatia leaves a big gap in the entomological workers of this country, as 
he had attained the first rank among the workers on Diptera in India and the adjoining countries. 
At Mukteswar he was the first to be successful in transmitting the notorious Binderpest 
disease by means of a Tabanid fly. By nature, Bhatia was simple, rather modest and shy. His 
genial temperament endeared him to all with whom he came in contact in his official atmos- 
phere or in private life. He leaves a very large number of friends at the Imperial Agricultural 
Research Institute, New Delhi, to mourn his loss and we extend our heartfelt sympathy to 
Mrs. Bhatia and children. . 


' . . . We regret to annotmee the following other deaths ; 

Dr. V. G. Deshpande, M. Ag., Ph. D., Professor of Entomology, Poona GoUege of 
Agriculture, on August 22nd, 1941, at the age of 51. He joined the Agricultural College, 
Poona in 1920 as a Lecturer in Entomology and was appointed Professor of Entomology in 1938. 
Deshpande took the B, Ag. diploma in 1913, M. Ag. degree in 1927, and Ph. D. from the 
Edinburgh University in 1930. He mostly worked on Ai^hididse and Aleurodida3. 

Dr.* Lee A. strong. Chief of the Bureau of Entomology and Plant Quarantine, U. S. 
Department of Agriculture, on June 2, 1941. Dr. Strong was born* in 1886. He worked for 
19 years in Califomia. In 1929 Dr. Strong was appointed Chief of the Bureau of Plant 
.Quarantine, U. S. A., Avhich was amalgamated with the Bureau of Entomology in 1934 and he 
became the Chief of the newly established Bureau of Entomology and Plant Quarantine. During 
30 years of his work, Dr. Strong made important contributions to entomology, specially in reference 
to the problems of insect quarantine. 

Dr. H. Eltringham, E.R.S., on November 26, 1941, aged 68. Dr. Eltringham was well 

known for devising technique for the study of insect anatomy and histology and fdr his work on 
Lepidoptera. He was a very enthusiastic Eellow of the Royal Entomological Society of London, 
of which he was Secretary or President for some years. 


PKOCEEDINGS OF 

THE ENTOMOLOGICAL SOCIETY OF INDIA 


(Up to November 1941) 


Exhibits 


DELHI BRANCH— NEW DELHI 

Xd^th July 


f 


All interesting Coccid, Pulviiiaria from Delhi — Ghulamullah. 

Some butterflies of Delhi — Arjan Singh. 

Poecilocerus pieties on fig trees. This is the first record of this grasshopper 
feeding on fig and extremely interesting in that the adults feed on fruits 
in preference to leaves — B. B. BosK,''** 

Arcyophora dentula breeding on pomegranate. This pest is previously 
known to occur in Syria, Mardin, Persia, Mesopotamia and South Parghana 
but is being recorded from India on pomegranate for the first time — ^T. D. 
MukERJEE. 


Fletcher [Proc. Ill enl. Meet., Pusa, p. 307 (1920)] has akeady recorded PcEciloceus pictiis 
as a pest of figs in South India ; the present record is not therefore the first. — M. S. Mani. 
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Proceedings of 


o£ learmg jure stock ot >vhite-aies for vims transmission 

r« 15 af ZTcs in a„a in diaerent kakitats_P, J. 

3I)H0ras. 

Aphids and some other Rhynchota from Afghanistan— G hulamullah. 

in the Kulu Valley (Punjab)— H. S. Pruthi. 

igi/i September 

IkliiSiSSiSS'sSSS 

of elytra— S her Khan. 

Sr^^rcotsrsif^^^^^^ 

Clerodendron sp. — A rjan Singh. r 

Zeuzera coffeae caterpillar boring into shoots of peach .from Debra Dun 

district^M. BOSE. r x-u 

Chlnfihra crassa and Odalis senegalensis in Dwarka. Hoppers of these 

^ lat numbers on grass » Oabamandal and 

Jamnagar . Blight damage to bajn was noticed— H. L. Bhatia. 


A brief account of the 


Communications 

Further observations on Myllocerns laetivifens. 
biology of the pest was given.— M. BosE. • 

Feeding habits of some Mantids— P. B. MukERJEK „ 

Gall-formation in paddy by Pachydiplosis^ riav— 

Orientation of desert locust hoppers during different parts of the day 

S. Mukerji. 

PUNJAB BRANCH— LYALLPUR 

X'^th 'May 


Comnmnication 

Mallophaga on Gallns doniesticus- 


-M. A. Rahman. 


ijth Jime 

Comnmnication 

The cotton Jassid, Empoasca devastans Dist. — M anzoor Abbas. 

2 oth September 

Co7nnmnication 

Some important pests of hill fruit trees— A. W. Khan. 

x^th October 

Communication 

Trypanea am?ioea and its parasites — K. N. TrEhan. 
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BIHAR BRANCH— PUSA 

15th Novernher 

Communication 

Goniozus uidicus Aslim. [-cuUockensis lyal) j)3.i'asite of Emmalocera depres- 
sella — Tazim-ui.-Haoue:. 

Pyrilla control work — ly. N. Nigam and A. C. Sen. 

Deterioration in the quality of cane juice due to borers — E- N. Nigam. 
Exhibits 

Goniozus indiciis (different stages) — Tazim-uu-HaouK.‘ 


SOUTH INDIAN BRANCH— COIMBATORE 


j.Mi November 

Communications 

Life-history notes on Grammodes siolida Fabr., a pest of daincha {Sesbania 
bispinosa) — M. C, Cherian and C. V. Sundaram. 

Habrobracon hebetor (Say), a parasite on Dichomeris ianthe infesting lucerne — 
P. N. Krishna Ayyar. 


Exhibits . * . 

Tar ache notabilis Wlk. (Noctuidse) appeared as a very severe pest on cotton 
in- October 1937 in the Cotton-breeding Station at Coimbatore. Long cycle 
pupae were found and moths sometimes emerged from the soil after 18 
months. Tricholyga sarbillans, Wied ( Tachinidae ) occurred as a |)ara- 
site on the caterpillar of Tar ache notabilis during the same season. Actia 
monticolla Mall. (Tachinidae) , another parasite on Tarache notabilis, is not 
so numerous as Tricholyga. Macroplectra nararia Moon, a Limacodid 
caterpillar appeared as a pest defoliating Pithecolobium dulce in Coimbatore 
in December 1937. Fornicia ceylonica Wlk. (Braconidae) a sigalphine larval 
' parasite of Macroplectra nararia. A single parasite issues from each host. 
Chelonus formosaria — Braconidae — The parasite was bred from 

■ Prodenia Litura caterpillars on castor. It is am egg parasite and oviposits 
in one-day old eggs of the host. The host eggs hatch in the normal way 
into caterpillars and the parasitic eggs hatch subsequently in the body of 
the host and develop inside along with the host ; a single grub comes out 
of each host and pupates in the soil. From each egg mass of the host about 
100-200 parasites can be reared out. . Apate submedia Wlk. This Bostry- 
chid was found boring into living mango stems and branches at Udumalpet 
in 1935. As many as 5-6 tunnels were found in badly infested branches.' 
The trees are said to die off in the course of a few years — M. C. Cherian. 


A Carabid predator on Sylepta derogata. 

Eublemma scitula, Eublemma silicula and Eublemma trifasciata — pre- 
daceous on Coccids on cotton. The last two are new records of their 
predaceous habits on Coccids — P. N. Krishna Ayyar. 

Dermestes cadaverius Fb. (Dermestid^e) found doing considerable 
damage to stored groundnut kernals in the godowns at Pondicherry 
in March 1941. Gonocephalum sp. (Tenebrionidse) found in large 
numbers in bags containing stored groundnut kernels at Pondicherry 
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in March 1941, but no actual damage reported. Rhogas per- 
currens I^yle. (Braconidse) — ])£iXSiS\te oi A cliaea janata cater- 
pillars. Micropilitis -macidipennis Szep. Another specific para- 
site of Achaea jenata caterpillars in the early stages — ^]\foHD.BASHEEIR. 


U. P. BRANCH— CAWNPORE 


General 


22nd November 


The branch was inaugurated by Dr. Taskhir Ahmad, the General Secretary 
of the Entomological Society of India. Dr. K. B. Eal and Mr. P. E- Chatur- 
vedi were elected respectively President and Secretary of the Branch Society. 


Communications 

Eif e-history of Enarmonia pseudonectis Meyr. — ^K. M. Gupta. 

The effect of rainfall on the emergence of the apple-root borer, Dorys- 
tJienes Jmgeli (Redt.) ( = Lophosternus hiigeli), in Kuamon hills — K. B. Eat 
and R. N. Singh. 


Exhibits 

Dacus cucurbitae Coq. and Dacus ciliatus Eoew bred from torai fruit at 
Cawnpore — P. E. Chaturvbdi. 

Eggs of Schistocerca gregaria Forsk. found scattered on dry soil surface — ’ 
. K. B. Eae. 
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